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Rhizoid Formation in the Embryo of Turbinaria (?) 
fusiformis Yendo and Sargassum 
Thunbergii O'Kuntze. 

By 

Masato Tahaha. 

As emphasized in my previous paper on Coccoj)hora Langsdorfii 
(Tahara, 1928), it seems to me that the study of the rhizoid formation 
in the embryo of Fucaceous algae gives us an important clue for the 
determination of the systematic position of each species. For the 
verification of this opinion it is, however, necessary to investigate the 
rhizoid formation in a number of algae belonging to this family. In 
the present paper rhizoid formation of only two species, Turbinaria 
(?) fusiformis Yendo and Sargassum Thunbergii O’Kuntze will be 
treated. The same study on other species of Fucaceae will be published 
in a series of subsequent papers. 

1. TURBINARIA (?) FUSIFORMIS YENDO. 

This species is one of the commonest algae of Japan. The repro¬ 
duction begins at the beginning of June and continues till July. The 
plants are strictly dioecious. The liberation of sexual cells occurs 
simultaneously and periodically, as is usual in other members of 
Fucaceae, and the discharged eggs remain attached to the receptacle 
for two or three days. Eggs contained in one receptacle are not 
generally liberated all together, but at two or three different times. 
Sperms are biflagellate and have no eye-spot. 

The eggs at the moment of liberation have eight nuclei and appear 
to be fertilized in this stage. The first segmentation wall runs per¬ 
pendicular to the long axis of the embryo. A lens-shaped rhizoid 
cell, the intial cell for rhizoid formation, is cut off, as a rule, by the 
second segmentation wall. The first two division walls in this rhizoid 
cell run perpendicular to each other, as a result forming four equal¬ 
shaped quadrant cells. The third division walls, however, run in 



2 


MASATO TAMARA 


various directions, some of them being parallel to the former ones, 
others oblique without passing through the center of the rhizoid cell 
and still others radial, passing through the center of the cell (Fig. t). 



Text-fig 1. Right cell stage of the rhi/oul cell of Turbinana (?) fusifnrmtu . 

( X 420) 


Rhizoid formation begins in this eight cell stage of the rhizoid cell. 
One rhizoid being produced in each cell, a group of eight rhizoids 
is developed at one extremity of the embryo (Fig. 2). Rhizoids which 
have no direct relation to the rhizoid cell can not be seen, at least 
in the early stage of development. Thus the mode of rhizoid formation 
of this alga is seen to have a deep resemblance to that of Coccophora 
Langsdorfii. But the; frequent occurence of oblique and radial division- 
walls in the rhizoid cell of Turbinaria (?) Thunbergii appears to throw 
out a hint of a relationship to Sargnssum. 

As to the systematic position of this alga, at present no definite 
opinion yet prevails. The plant was first described by Harvky from 
sterile specimens under the name, Cystophyllum fusiforme. Later 
Ykndo, after finding out that the receptacles were borne in an axillary 
position, removed the plant from the Genus Cystophyllum and pro¬ 
visionally suggested the name Turbinaria (?) fusiformis . So far as 
I am aware, there is no publication concerning the rhizoid formation 
in the species Turbinaria . So for the present it is impossible to 
compare the result here obtained to that of any other study on 
Turbinaria . But it seems to me certain that this plant should be 
placed under a genus other than Sargnssum , because the rhizoid 
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formation of this plant greatly differs from that observed in the species 
of Sargassum (Tamara. 1913, 1928). 



Text-fig. 2. Embryo of Turbinana (/) fumformis . (x 160) 

The present study was carried out at the Misaki Marine Biological 
Station of the Tokyo Imperial University. I wish to express here 
my hearty thanks to Prof. N. Yatsu, and l)r. M. Oshima of the 
Station. 


2. SARGASSUM TUUNBGRGII O’KUNTZK. 

In his preliminary list of Japanese Fucaceae, Yen do gives the 
name Turbinaria Thunbergii to the plant under consideration. But 
in a full report published later he has changed his opinion and 
transferred the plant into the genus Sargassum. In any case, this 
plant has a certain characteristic, not common in Sargassum . Several 
forms, differing much in their appearance, are known in the present 
species. Fulcrant leaves in one form are mostly transformed into 
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vesicles, especially in its younger stage of development, thus suggesting 
a close affinity of the plant to Turbinaria{?) fusiformis. 

The male and female receptacles of the plants, which are also 
strictly dioecious, ripen in July and August in the vicinity of the 
Asamushi Biological Station, where the material of the present inves¬ 
tigation was obtained by Mr. M. Shimakura at my request. According 
to my observation of several years, the liberation of sexual cells of 
this plant appears to occur always on a day of neap tide. This 
circumstance may be quite favorable to the plants, as they grow 
generally at the high tide mark, and on the days of spring tide most 
of them lie naked for several hours, exposed miserably to the direct 
sunshine. If the liberation of sexual elements occured on a day of 
spring tide, they would probably be easily destroyed by the heat of 
the summer sun. 

Turbinaria[?) fusiformis grows also at the high tide mark. One 
general liberation of sexual cells of this plant occured in Misaki this 





Text*fig. 3. Eight cell stage of the rhizoid cell of Sargassum Thunbergii . 

(x420) 

year on July 11, a day of neap tide. It seems to me quite probable 
that the sexual cells of this plant are also always discharged on a 
day of neap tide, although at present no extensive data as to this 
point are available. 
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Early stages of development in Sargassum Thunbergii are about 
the same as those in other species of Sargassum, but the mode of 



Text*fig. 4. Embryo of Sargassum Thunbergii . 1/X210) 

division in the rhizoid cell differs distinctly from the usual course in 
Sargassum and, much resembles that of Turbinaria (?) fusiformis. 
The only difference is that in Sargassum Thunbergii the third division- 
walls in the rhizoid cell, without passing through the center, run 
mostly oblique to the former ones (Fig. 3). As is shown in Text-fig. 
4, eight rhizoids are developed at one extremity of the embryo; 
rhizoids not originating from the rhizoid cell are not seen, at least in 
the early state of embryonal development. On my opinion therefore, 
this species ought to be placed under the same genus with Turbinaria 
(?) fusiformis. 

In conclusion, the author should like to express his obligation to 
Mr. M. Shimakura, who has helped him much in the present investiga¬ 
tion. He also wishes to acknowledge his indebtness to “ The Saito 
Gratitude Foundation ” for financial aid. 
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A New Terrestrial Amphipod Orchestia kokuboi, 
sp. nov. from Asamushi. 


By 


Masuzo Ueno. 

(Ky6to Imperial University) 

Through the courtesy of Professor T. Komai, 1 recently obtained 
four specimens of a terrestrial amphipod which had been collected by 
Professor S. Kokubo of the Asamushi Marine Biological Station. A 
careful examination of these crustaceans has revealed that they have 
not yet been described. A short description of this new species, 
therefore, is given below. 

Orchestia kokuboi, sp. nov. 

Body laterally compressed, whitish with a pink tint. Eyes rather 
large, nearly round, blackish, situated near the antero-dorsal corners 
of head. Antennule (Fig. 1, A) extending far beyond the end of the 
penultimate joint of peduncle of antenna, but scarcely reaching the 
end of third joint; flagellum 6-7 jointed, about twice as long as third 
joint of peduncle. Antenna (Fig. I, A) rather slender, much less 
than half as long as body; flagellum a little longer than peduncle, 
19-20 jointed. Mouth-parts prominently projecting below; endpod of 
maxillula vestigial, lobe of first joint slender and with two apical setae 
(Fig. 1, B); lobe of second joint of maxilla with a large seta on 
apical end (Fig. 1, C); maxillipeds, palpal joints short and broad, 
fourth joint entirely wanting (Fig. 1, D). First gnathopod in male 
subchelate; fourth joint without apical process; fifth somewhat dilated 
distally, spinulose, with a prominent subapical process; sixth with a 
large apical lateral expansion, spinulose, with finger fitted closely to 
apical margin (Fig. 1, E). Second gnathopod in male distinctly chelate; 
second joint long, parallel-sided, not widened distally; sixth very large 
and broad, oval, apical margin spinose; finger or claw large, curved, 
with distal extremity blunt, and inner margin fitted closely to oblique 
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Orchcstia kokuboi sp. nov. 

A. Head, antennulo and antenna of male, lateral view, x8; B. Maxilluln, x20; 
C. Maxilla, x20; I). Maxillipcds, x2l); E. Right 1st gnathopod of male, 

x8, K' x20; F. Right 2nd gnathopod of male, x8; G. Right 1st gnathopod 
of female, X8, C/ x2l); H. Right 2nd gnathopod of female, x8, H' x20; 
1. Right 2nd peraeopod of male, x8; J. Right 5th peraeopod of female, X8; 
K. Right 3rd pleopod of male, xl2; L. Uropods and telson, lateral view, X8. 


convex apical margin of sixth joint (Fig. 1, F). First gnathopod in 
female subchelate; fifth and sixth joints spinulose, the latter compara¬ 
tively small, parallel-sided; linger nearly as long as entire apical margin 
of sixth joint (Fig. 1, G). Second gnathopod in female subchelate; 
second joint somewhat lamelliform, front and hind margins nearly 
straight; fifth joint distally widened, spinulose; sixth long, apical 
margin with a large round process produced beyond finger (Fig. 1, H). 
Second peraeopod, inner margin of finger with a spine (Fig. 1, 1). 
Of fourth and fifth peraeopods, fourth, fifth and sixth joints very 
long, spinose, finger slender and acutely pointed (Fig. 1, J). Third 
pleopod normal (Fig. I, K). Third pleon segment, postero-lateral 
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corners quadrate, angle somewhat acute but not produced. First 
uropod, rami equal in length and a little shorter than peduncle, with 
margins spinose; rami of both second and third uropods also a little 
shorter than their peduncles (Fig. 1, L); telson small, cone-shaped and 
spinulose. 

Length of body 18 mm. in male, 17 mm. in female (exclusive of 
antenna'). 

Locality: Four females and a male were collected by Protessor 
S. Kokubo on December 8, 1927, on a hill in Yu-no-shima, a small 
island off Asamushi (latitude about 40 o 70'N). This spot is far above 
the tide-marks; and the animals were found living in burrows in soft 
damp soil under dead leaves. 

Remarks: This new species closely resembles the North American 
species Orchestia grillus (Bose, 1802)°, but shows differences in the 
structures of the antennules, gnathopods and in other features. The 
antennule of this species almost reaches the end of the third joint 
of the peduncle of the antenna, while in O. grillus it does not come 
beyond the penultimate joint of the peduncle of the antenna. The 
second joint of the second gnathopod in the female of this new species 
is parallel-sided, but in O. grillus the front margin is strongly convex 
except at the distal end. The sixth joint of the second gnathopod 
in the male of this new species is slightly narrower towards the palm, 
while in O. grillus it has nearly the same width throughout. These 
characters of the gnathopods of the present species remind one rather 
of Orchestia humicola , a terrestrial amphipod described by Edward 
von Martens 0 from Japan. 0 O. humicola , however, is a smaller 
species only 8 mm. long, which differs from the present species in 
the following features : (i) the flagellum of the antennule is 3-5-jointed ; 
(ii) the second joint of the fifth peraeopod is strongly serrate or 
crenulate on the upper part of the hind margin; (iii) the rami of the 
first uropod are considerably shorter than the peduncle. 

Ky6to, October 25, 1928. 

DStrhbinu, T. R. R. — “ Amphipoda-Gamrnaridea " in. Schulzl s Ticrreich, Lief. 
21, 1906, p. 540. 

Martens, E. v. — „tlber einige ostasiatische Slisswassertiere ”, Archiv f. Natur- 
ges., Jahrg. 34, Bd. 1, pp. 56-57. 1868. 

The locality is not recorded. 




Report of the Biological Survey of Mutsu Bay. 

12. Cheilostomatous Bryozoa of Mutsu Bay.* 

By 

Yaichiro Okada. 

(With Plates I-V.) 

This is the second paper on the Bryozoa of Mutsu Bay, dealing 
with the Cheilostomata. Twenty-seven species art 1 recorded, six of 
which seem to be new to science. The observations herein given 
confirm the zoogeographieal conclusions mentioned in the preceding 
paper. It is interesting to note that the Reteporan species is limited 
to Retepora terebrata Buchner, though this species is very abundant. 
This is the first time it has been observed that different kinds of 
substratum cause different outer configurations in Costazia costazi 
Audouin, when the zooeria! features are entirely similar. 

Order CHKILOSTOMATA Busk. 

Suborder ANASCA I -EVINSEN. 

Division I. MALACOSTEGA Levinsen 1909. 

Family 1. BIFLUSTRIDAE Smut 1872. 

Genus 1. conopeum Gray 18-18. 

1. Conopeum serrata (I Iincks). 

(Text-fig. 1.) 

Membrampora mernbranacea foim serrata lhncks, 1882, A. M. N H., \ol. 10, p. 
469. 

Membrampora sonata Koukrtson, 1908, Univ. Calif. Pub. Zool, \ol. 4, pp. 268- 
269, pi. 16, figs. 20, 21, 21 a. 

Diagnosis: Zoaria consisting of circular or lobate patches inerust- 
ing seaweed. Zooeria quadrangular, oblong, alternate, arranged in 
lines radiating from the centre of the colony; aperture occupying the 
whole of the front, closed by a membranous front wall; margins 


* A contribution from the Marine Biological Station, Asamusbi, Aomori-Ken. 
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raised, with a erenated, inner rim, some of the crenations growing 
long and forming distinct denticles, and with a short spine at each 
distal angle; operculum curved, its margin strengthened by a chitinous 
rib. Avicularia and ooecia are wanting. 

Several colonies were obtained off Ishi- 
hama (Station 43; Sp. no. 617). They 
were attached to Ulva and are light greyish 
in alcohol. 

Family 2. ALDERINIDAE 

Canu et Bassler 1917. 

Genus 2. ELLIS1 NA Norman 1903. 

2. Ellisina crenulata, n. sp. 

(Plato IV, fig. t.) 

Diagnosis: Zoarium incrusting, forming 
light greyish yellow and somewhat thick 
patches closely adherent to shells or stones. Zooecia alternate, arranged 
in lines radiating from the centre of the zoarium, somewhat large, 
oval or elongate. Aperture occupying the whole of the gymnocyst, 
closed by a membranous front wall; peristome somewhat raised, 
unarmed, with a calcareous, minutely erenated mural rim. Avicularia 
large, placed just below the lower margin of the aperture, with an 
elongated triangular mandible, its tip somewhat raised and directed 
obliquely upward. Ooecium small, transversely narrowed, quadrangular 
in form with a marginally thickened arched surface. 

The present new species was collected at Oma (Station 104; Sp. 
no. 2073), incrusting a shell of Haliotis. This is somewhat allied to 
Membranipora occulata Robertson 0 but differs from it by the absence 
of the oral spines and scattered spatulato avicularium as well as in 
the ooecial features. 

Family 3. BUtiULIDAE Gray 1848. 

Genus 3. BUGULA Oken 1815. 

n Robektson, 1908, Univ. Calif. Pub. Zool., Vol, 4, pp. 202-263, pi. 14, figs. 6-$. 



Text-fig. 1. Conopcurn 
serrata (IIinc ks). x20. 
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3. Bugula neritina (Linnaeus). 

(Plate I, fig. 1.) 

Sertularia neritina Linnaeus, 1758, Syst. Nat., cd. x, 38. 

Bugula neritina Oken, 1815, Lehl. der Nat., Abt. 2.— Heller, 1867, Ad. Bry., 
p. 90. — McCoy, 1881, Prod. Zool. Viet., decade vi, p. 41, pi. nx, fig. 7.— Busk, 
1884, Chall. Rept., vol. x, pt. xxx, p. 42. ~~ Waters, 1887, A. M. N. H., 5, xx, p. 
91, pi. iv, figs. 3, 15 — Carnus, 1889, Prod. Faun. Medit., vol. li, p. 6. — Ortmann, 
1890, Arch, filr Naturg. Berlin, Lvi, p. 24, pi. i, fig. 17. — Phillips, 1894), Willey’s 
Zool. Res., iv, p. 440. — Robertson, 1905. Univ. Calif. Pub. Zool., vol. li, p. 266, 
pi. ix, fig. 47, pi. xvi, fig. 97. — Calvet, 1906, Bull. Mus. Paris, p. 12. — Thornlly, 
1907, Rcc. Ind. Mus., vol. i. p. 183. — Okada, 1918, Annot. Zool. Jap., vol. ix, pt. 
iv, p. 484. 

Acatnarchis neritina Lamouroux, 1816, Hist. Poly. Coral, p. 58, pi. ni, fig. 2 

Cellularia nvntina Johnston, 1847, Brit. Z., p. 340, pi. ix, figs 3, 4. 

Diagnosis: Zoarium consisting of bushy tufts, dark brown or 
reddish brown, often tinged with purple. Branching dichotomous. 
Zooecia biserial, quadrangular, truncate above; aperture occupying 
more than two-thirds of the gymnocyst; a short denticle at the summit 
of the sides of the zooecium. Ooecia conspicuous, globose, attached 
to the inner anterior angle of the zooecium by a short peduncle. 
Avicularia wanting. Rootlets forming a tuft at the base of the colony. 

Several small colonies which may be identified with the above 
species exist in the collection. They were obtained at Yunoshima 
(Station 1 ; Sp. no. 460). Compared with specimens from the southern 
part of Japan, the zoarium of this form is much more delicate and 
smaller, having much slenderer branches. This is widely distributed 
throughout the world, and in Japan was first recorded by Ortmann 
from Sagami Sea, and later by me from the southern part of Japan. 
This specimen likewise possesses no avicularia, as is the case with all 
Japanese specimens, so far as have come under my observation. 

Family 4 SCRUP0CELLAR1IDAE Levinsrn 1909. 

Genus 4. CABEREA Lamouroux 1816. 

4. Caberea hataii, n. sp. 

(Plate I, fig. 2; Plate IV, fig. 2; Text-fig. 2.) 

Diagnosis: Zoarium an irregular flabellate tuft, attached to the 
substratum by numerous rootlets, 30 mm. heigh. Branches somewhat 
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broad, dichotomously dividing at rather wide intervals. Zooecia 
arranged in transverse rows of four or six, somewhat elongate, nearly 
uniformly wide throughout the length, apertures with a spine on each 
side close to the anterior margin. The scutum, short and rod-like in 

shape, exists on the middle of either side 
of the peristome. Lateral avicularia present 
on the outer margin of the outermost lateral 
zooecia, with a triangular mandible, pointed 
at the end. Frontal avicularia small, usually 
existing on both sides of the lower margin 
of the zooecial aperture, with a semicircular 
mandible, with a pointed and recurved end. 
Vibraculum and its chamber exhibit nearly 
the same features as that of Cabcrea lata B. 
Ooecia: somewhat small, weakly inflated, 
nearly semicircular, with a thick arched 
margin. Root-fibres occur in the same manner 
as in Cabcrea lata B. 

This new species is represented in the 
collection by several large and small colonies which were obtained at 
the following localities: Off Nakanosawa (Station 80; Sp. no. 459); 
off Ishihama (Station 43; Sp. no. 472); off Tsubakiyama (Sp. no. 
1677, 1672). They were attached to worm-tubes and stones. The 
present species closely resembles Cabcrea lata B. ]> and Cabcrea 
climacina Ortmann^, but differs from the former by the presence of 
a rod-like scutum on the margin of the peristome and from the latter 
by the presence of lateral avicularia and of the oral spines. 

5. Caberea tenella, n. sp. 

(Text-fig. 3.) 

Diagnosis: Zoarium small, dichotomously branched; branches 
slender, delicate, nearly the same breadth throughout. Zooecia biscrially 
arranged, short, subquadrangular; apertures elliptical, occupying about 
half the gymnocyst of the zooecium with a narrow smooth margin, 

^ Busk, 1852, Cat. Mar. Poly. Brit. Mus., t, p. 39, pi. 47. 

->Ortmann, 1890, Arch, ftir Naturg. Berlin, Bd. 1, p. 22, pi. 1, fig. 6. 




b 



Text-fig. 2. Calirrea hatau 
n. sp. 

a. Mandible of frontal 
avieulanum X200. 

b. Operculum X 200. 
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sloping outwards, and with one or two spines above on the outer 
side. Scutum large, elliptical, covering the aperture. Lateral avicularia 
wanting. Frontal avicularia in two forms; the larger one exists 
unfrequently on some zooccia with triangular, curved mandible, pro¬ 
minently raised, the small one more fre¬ 
quently appears on zooecia, placed on a 
lateral side of zooecial aperture, raised 
with a semicircular mandible, directed 
downwards. Vibraculum long, serrate. 

Ooecia unknown. 

A small colony of this new species 
exists in the collection. It was collected 
at Oma (Station KM; Sp. no. 2110), 
attached to a stone. 
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Text-fig. 3. Caberea tenclla 


Genus 5. MEN1 PEA Lamouroux 1816. 


6. Menipea occidentalis var. 
catalinensis RoBERTSOn. 
(Plate 1, fig. 3.) 


n. b[). 

a. Ventral view of zooecia 
X 05. 

b. Dorsal view of vihracula 
x65. 


Menipea occidentalis var. catalinenus Rorertso.v, 1905, Pub. IJmv. Calif. Zool., 
vol. 2, no. 5, pp 255-256, pi. vh, figs 26-27. -• Ok ad a, 191H, Annot. Zool. Jap., \ol. 
ix, part, iv, pp. 409-410. 

Diagnosis: Zoarium forming a bushy tuft, attached by a large 
number of root fibres. Branching regular, each tuft or frond consisting 
of a main rib from which secondary branches arise alternately, these 
again giving off tertiary branches. Internodes consisting of four or 
five zooecia. Zooecia elongated, narrowed below; aperture occupying 
about half the gymnocyst, surrounded by six jointed spines, sometimes 
by five or seven. Scutum fan-shaped, the edge being divided and 
extended into five or more spinous processes, making it so large as 
to cover the lower half of the aperture. Ooecia large, globose, just 
above the gymnocyst, perforated by a small number of pores. Root- 
fibres arising in root-chambers just above the lateral avicularia; the 
root-chambers situated on the lower zooecia only, rounded, projecting 
dorsally and laterally. 

Several colonies which may be identified with the above species, 
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exist in the collection. They were obtained at near the Biological 
Station (Station 4; Sp. no. 425); at 6ma (Station 104; Sp. no. 7), 
off the Tuchiya coast (Sp. no. 1884); in front of the Biological Station 
(Sp. no. 1876), attached to sea-weeds. 

According to Robertson’s description of the present form Menipea 
occidentalis var. catalinensis is characteristic in having a divided scutum 
and in the number of zooecia in an intemode. But from the observa¬ 
tion of the specimens before me, the characters above mentioned do 
not constantly appear, though they are variable in shape, being fre¬ 
quently divided, and occasionally undivided in the zooecia of an 
intcrnodc. 


Family 4. AETEIDAE Smitt 1867. 
Genus 6. AETEA Lamouroux 1812. 


7. Aetea anguina (Linnaeus). 

(Text-fig. 4.) 


Sertularia anguina Linnaeus, 1758, Syst. Nat., Ed. x, vol. 1. 

Cellarta anguina Ei.us et Solan dkk, 1786, Nat. Hist. Zooph., p. 26. 

Aetea anguina Lamouroux, 1812, Bull. Sc. Soc. Phil., p. 184. — Busk, 1852, Cat. 
Mar. Poly. Brit. Mus., p. 31, pi. xv, fig. 1. — IIiNCKfl, 1880, Brit. Mar. Poly., p. 4, 
pi. 1, figs. 4, 5.— Busk, 1884, Chall. Hop., p. 2. — Osrurn, 1912, Bull. Bur. Fish„ p. 
220 , pi. xxi, fig. 14, 14 a.- - Wafers, 1913, Proc. Zool. Soc. London, p. 463, pi. 
lxiv, fig. 1, 2. — Hakmer, 1926, Poly. Sib. Exp., xxvui b, pp. 194-195, pi. xiii. figs. 
3, 4. 



Text-fig. 4. Aetea an - 
guinea (Linnaeus) x23. 


Diagnosis: Zoarium encrusting, slender 
filamentous. Zooecia with a long attached 
portion, at first delicate and of uniform 
diameter, then gradually dilating and passing 
at a right angle into the free distal peristome, 
which is straight and then curved. Frontal 
membrane on the side facing the adherent 
part, expanding at its middle, the operculum 
terminal. Peristome at first with numerous 
punctations. 

A large colony which may be identified 
with the present species exists in the collec- 
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tion. It was obtained at Oma (Station 104; Sp. no. 2144) and attached 
to sea-weed. The Japanese species was previously described by IIarmer 
from the specimen collected at a spot off Tokyo Bay collected by 
A. Owston in 1902. 

Suborder ASCOPHORA I .AMOUROUX 1909. 

Family 5. HIPPOTHOIDAE Lkvinskn 1909. 

Genus 7. HIPPOTHOA Lamouroux 1821. 

8. Hjppothoa hyalina (Linnaeus). 

(Plate I, fig 4; Plate IV, fig. 3.) 

Cellepora hyalina Linnaeus, 176f>—176H, Syst. Nat. cd. 2, p. 1286. 

Berenicea hyalina Hass all, 1840, A. M. N. H., vn, p. 367. 

Lepralia hyalina W. Thompson, 1840, A. M. N. II., v, p. 253. — Johnston, 1842, 
Brit. Z., ed. 2, p. 301, pi. i.iv. fig. 1. - Busk, 1854, Cat. Mar. Poly. Brit. Mus., n, p 

84, pi. Ixxxii, figs. 1-3, pi. xcv, figs. 3-5, pi. ci. figs. 1, 2. 

Mollta hyalina SMITT, 1867, 0<*fv. K. Vetenek. Ak. Forh., iv, 16, p. 109, pi. x\v, 
figs. 84, 85. 

Schizoporella hyalina Hingks, 1880, Hist. Bril. Mar. Poly., pp. 271-275, pi. xxiii, 
figs. 8-10. — Waters, Journ. Linn. Soc. Ixmdon, v, 34, p. 20. — Robertson, 1900, 
Proc. Wash. Acad. Sc., vol. n, p. 326. — Whiteaves, 1901, Gcol. Sutv. of Canada, 
p. 100. — Cornish, 1907, Mar. Fish. Rep. Canada, no. 22, p. 77. — Robertson, 1908, 
IJniv. Calif. Pub. Zool., pp. 289 -290, figs. 43-45. 

Hippothaa hyalina Osburn, 1912, Bull. Bur. Fish., xxx, pp 235-236, pi. xxiv, 
figs. 47, 47a-47c.— Marcus, 1914-16, Bry. von den Auckland und Campbell Inseln, 
pp. 97-98, pi. v, fig. 3. — Nordgaard, 1918, Bry. from the Arct. Reg., p. 52 — 

Marcus, 1920, Nat. Hist. Juan Fern. & Fast. LI., vol. iii, pp. 102-103, fig. 5 - 

Marcus, 1921, Arkiv. filr Zoologi. K. Svenska Vet., Bd. 14, no. 7, p. 12. 

Cellepora hyalina Nordgard, 1900, Den Nors. Nordh. Exp., xx\u, p. 10. 

Diagnosis: Zoarium a delicate, foliaceous, irregular mass consisting 
of the zooecia piled on top of each other, in an irregular way. Zooecia 
variously shaped elongate-ovate or subcylindrical, distinct, disposed 
somewhat irregularly in radiating rows and separated by large punc¬ 
tures; gymnocysts thin, delicate, hyaline, smooth and shining, or slightly 
followed transversely and sometimes with a distinct broad umbo just 
below the aperture. Zooecial aperture terminal, orbicular, with a deep 
rimule at the middle of the lower margin. Ooecia large, globose, 
prominent, punctured sparsely, sometimes with an umbo in the middle 
of the ooecial wall. Avicularia wanting. 
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Numerous colonies which may be referable to the above species 
exist in the collection. They were obtained from the following various 
localities: at Futagojima (Station 26; Sp. no. 430,612); off Itanozaki 
(Station 31; Sp. no. 434, 415); off Ishihama (Station 43; Sp. no. 
615); off Shimizugawa (Station 73; Sp. no. 627); off Yokohama 
(Station 81 ; Sp. no. 431). They were attached to individuals of 
sea-weed or Ilydrozoa. 

Family 6. ESCHARELLIDAE Lkvinsen 1909. 

Subfamily a. SCHIZOPORELLAE Canu et Bassljkr 1917. 

Genus 9. SCHIZOMAVELLA Canu et Basslkr 1917. 

9. Schizomavella auriculata (IIassall). 

avxt-r.K. s.) 

Lepralia auriculata Hassau, 1842, A. M N. II., vu, 412. — Johnston, 1847, 
Brit. <‘d. 2, 310, pi. liv. fig. 8. — Busk, 1851, Cat Mar. Poly. Brit. Mus., ii, 67, 
pi. Ixxxix, hgs. 1-6. 

Escharclla auriculata Smitt, 1867, Oefv. K. Vrtonsk- Ak. Fdrh., iv, 12 & 90, pi. 
xx iv. figs. 58, 59. 

Schtzopnrella auriculata HlNt ks, 1880, Hist. 
Brit. Mar. Poly., 260-263, pi. xxix, figs. 3-9.-- 
Kobkrtson, 1908, Univ. Calif. Pub. Zool., vol. 4, 
286, pi. 19, hg. 39. - Okada, 1923, Annot. Zool. 
Jap, \ol. 10, Art 22, p. 230. 

Diagnosis: Zoarium incrusling, spread¬ 
ing in subcircular patches. Zooecia rhom¬ 
boid, sometimes subovate, short, disposed 
in linear series, radiating from a central 
point, separated by raised lines, punctured 
or granular; aperture small, suborbicular, 
with a rimule below and with 2-4 marginal 
spines. A small frontal avicularium with 
Text-fig. 5. Schizomavella a rounded mandible, immediately below 

auriculata (Hassau.). x 140. the middle of the lower margin, usually 

on a mamillary eminence which is some¬ 
times prolonged into a mucro. Ooecia subglobose, depressed, closely 
united to the zooecium above, sometimes completely immersed, punc- 
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tured, often partially enveloped in a glandular crust; occasionally 
mucronate. 

A small colony was obtained at Oma (Station 101; Sp. no. 21 13). 
It was attached to a stone and is milky white in alcohol. 

10. Schizomavella galeata (Busk). 

(Plato I, fi K . 5; Plate IV, fig. I, Text-fi* 6.) 

Lepralm galeata Busk, 1854, Cat. Mar. Poly. Brit. Mus., pt. n, p. 66, pi. xnv, 
figs. 1, 2. 

Diagnosis: Zoarium intrusting. Zooccia ovato-vcntricose, disposed 

in linear series, separated by raised lines; gymnocyst punctured all 

over. Zooecial aperture orbicular, weakly 
contracted below by two eardelles, the lower 
margin slightly curved outwards, unarmed. 

Frontal avicularia immediately below the zooe¬ 
cial aperture, with semicircular mandible. 

Ooecia globose, inflated distinctly, covered 
with punctures of different sizes. 

This species is represented in the collec¬ 
tion by a few colonies and fragments. They 
were obtained from the following localities: 

Off Yunoshima (Station 6; Sp. no. 608); 
near Mourakojima (Station 24; Sp. no. 454); 
at Futagojima (Station 26; Sp. no. 623); 
off Yadonobe (Station 63; Sp. no. ?); off 
Karibazawa (Station 74; Sp. no. 613); off 
Akemae (Station 76; Sp. no. 611). They 
were attached to Hydrozoa, a plate of Ct> 
riped and to a Retcpora terebrata Buch., 
and infrequently exhibit a thick lamella-like 
zoarium the base of which is attached to a substratum. The zoarium 
in alcohol is yellowish brown. Operculum oblong with thickened outer 
margin. The mandible of the avicularia shows a somewhat obtusely 
triangular shape, with a narrow thickened margin. The oral avicularia 
are not found on the marginal zooecia of a colony. 


.i 



Text-fitf. 6. Schizomavt'lla 
gal rat a (Busk). 

a. Mandible of frontal 
aviculanum X 200. 

b. Operculum x200. 
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Genus 10. SCHIZOPODRELLA Canu et BASSLER 1917. 


11. Schizopodrella unicornis (Johnston). 

(Text-fig. 7) 


Lepralta unicornis Johnston, 184-7, Brit. Z., p. 320, pi. Lvii, fig. 1. — Busk, 1856, 
Quart. Joum. Mic. Sc., iv, p. 309, pi. x, fig. 3, 4. — Busk, 1859, Crag Poly., p. 45, 
pi. v, fig. 4. 

Schizoporella unicornis Hincks, 1880, Hist. Brit. Mar. Poly., p. 238, pi. 35, fig. 
1-5. ■— Norduaard, 1905, Hyd. Biol. Inv. Norw. Fjords, p. 165, pi. 5, figs. 23-25, 27. 
— Cai.vet, 1907, Expcd. Sc. Trav. Talisman, vol. viii, p. 417. — Norman, 1909, Journ. 
Linn. Soc. I^jndon, vol. xxx, p. 417.— Waters, 1909, Journ. Lmn. Soc., Zool., vol. 
xxxi, p. 143, pi. xii, figs. 12, 13. — Osburn, 1912, Bull. Bur. of Fish., 236, pi. xxv, 
fig. 48-48 e, pi. xxx, fig. 91, ■— Waters, 1913, Proc. Zool. Soc. London, p. 501-502.— 
Nordgaard, 1917, Bry. from the Arct. Keg., 56. — Waters, 1918, Journ. Linn. Soc. 
London, pp. 14-15, pi. 2, fig. 14-17, 22. 





r-4 


Text-fig. 7. Schizopodrella 
untcornts. (Johnston). 
a. Ventral view of zooecia 
X20. 

h. Zooecium with an ooc- 
cium x 20. 

no. 478) and off Akemae 
attached to stones and shells of Cirripcdia. 


Diagnosis: Zoarium forming a greyish 
incrustation. Zooecia elongated squarish, 
bordered with a thick margin; which 
have no apparent order of arrangement, 
disposed in linear series. Zooecial aperture 
subcircular, arched above, slightly con¬ 
tracted in the middle, with two cardelles 
on each, the lower border with a rather 
large rounded rimule, peristome somewhat 
thick and elevated. Avicularia wanting. 
Ooecia subgloboso, inflated above, punc¬ 
tured irregularly with large and small 
pores. 

Several small and large colonies were 
obtained off Yunoshima Station 6; (Sp. 
(Station 76; Sp. no. 482 a). They were 


Genus 11. SCHIZOPORELLA HlNCKS 1877. 


12. Schizoporella Crustacea (Smitt). 

(Plate I, fig. 6; Plate IV, fig. 5.) 


Myriozoum crustaceum Smitt, 1867, Oefv. K. Vetensk. Akad. Forh., p. 18, pi. 
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xxv, figs. 88-91. — Ridley, 1881, A. M N. H., 5, vii, p. 148. — Ridlnkap, 18J8, Zool. 
Jahrb., vol. x, p. 622. 

Schizoporella Crustacea 1x>hknz, 1886, Bry. von Jan. Mavon, p. 87, pi. vn, fig. 2. 
— Waters, 1900, Journ. Linn. Soc., xxviii, pp. 64-65, pi. 8, figs. 11-13. 

Diagnosis: Zoarium intrusting. Zooecia somewhat small, irregular 
in shape, very indistinctly bordered with marginal lines, disposed 
quinquncially. Zooecial aperture semicircular, with a small, somewhat 
deep rimule on the centre of the straight lower margin. The surface 
of gymnocyst perforated with small, variously sized pores in an irre¬ 
gular manner. Frontal avicularia frequently occur, oval, with a 
semicircular mandible, situated on either side of the zooecial aperture. 
Numerous colonies were attached to stones. They were obtained 

A 

at Oma (Station 104; Sp. no. 2134) and arc light blue or brownish 
white in alcohol. 


Subfamily b. HIPPOPORAE Canu et Bassi.kh 1917. 

Genus 12. HIPPOPONELLA Canu et Bassler 1920. 

13. Hippoponesia hippopus (Smitt). 

(Plate IV. fin- 6; Text-fin. 8 ) 

f*epralta hippopus Smitt, 1867, Oefv. K. Vetensk. Ak. Forh., p. 20, tab. xwi, 
figs. 99-105. 

l.ejrruha arlpressa Busk, 1852, Cat. Mar. Poly. Brit. Mus., pt. n, p 82, tab. cii, 
figs. 3, 4.—Busk, 1856, Quart. Journ. Mir. Sr., \ol. i\, p. 178 — Hinc ks, 1861, A. 
M. N. H., ser. 3, vol. ix, p. 205. 

Ihppoponella hippopus Bassler et Canu, 1920, Bull. 106, Unit Slat. Nat. Mus., 
p. 379. 

Diagnosis: Zoarium incrusting. Zooecia somewhat oval, quincun- 
cial; gymnocyst nodulous, with areolae along the outer margin, infre¬ 
quently a weakly raised umbo, just below the zooecial aperture; 
zooecial aperture semicircular above, contracted on each side below 
the middle and margined with a weakly thickened surface. Avicularia 
occasionally occur on one side of the aperture with a triangular 
mandible. Ooecia immersed, small globose, with a longitudinal short 
rod-like opening in the middle of the lower margin. 

A somewhat large colony which may he referable to the above 
species exists in the collection. It was collected near off Itanozaki 



Y. OKADA 

(Station 31; Sp. no. 423) and was attached 
to the plate of a Cirriped. 

Genus 13. LEPRALIA JOHNSTON 1847. 

14. Lepralia foliacea (Kllis et Solan der). . 
(Plate II. Fig. 1; Plate IV, fig. 7.) 

Millopora fohacca Kllis & Sol., 1780, Nat. Hist. 
Zooph., 133. 

Enckara foilac<*n LamK , 183ft, An. s Vert, eil 2, 
n, p. 266.-- Mn m. Kdvv , 1814, Ann. d. S<\ Nat., vi, 
p 36, pi. ni, fig. 1 - Coiroi, 1814, Corn. Faun. pt. 
in, p. 131 • — • Johns i on, 1847, Hut Z., ed 2, p. 330, 
pi. i.x\ii — Busk, 1852, Cal. Mar. Poly. Brit. Mus., 
ii p 89, pi rvi, figs. 4-7. — IIkllkk, 1867, Bryoz. d. 
adriat. Meei , p. 38 — Manzoni, 1870, Bryo/. foss 
Ital, eontr. iv, p. 18, pi. i, fig. 4 & pi. iv, fig. 21. 

lA’praha fnhatca Hinc ks, 1880, Hist. Brit. Mar. 
Poly, pp 300 302, pi. xlvii, figs. 1-4. 

Diagnosis: Zoarium foliaceous, membrano-ealcareous. Zooecia 
disposed in two layers placed back to back, or occasionally in one 
layer, ovate-elongate, or rhomboid, quineuncially arranged, separated 
by distinct lines, very moderately convex; surface punctured and often 
nodulous, the punctures frequently surrounded by thick reticulated 
ridges sometimes areolated round the margin; aperture arched above, 
weakly contracted a little below the middle, where there is a small 
cardelle on each side, the lower margin almost straight, or very 
slightly elevated in the centre. A prominent central avicularium just 
immediately below the lower apertural margin has a rounded mandible 
pointing downwards, sometimes replaced by a spatulate avicularium. 
Ooecia large, often subimmersed, a little flattened in front, smooth 
and shining. 

Several small colonies which may be identified with the above 
species exist in the collection. They were attached to seaweed and 
were obtained off Yunoshima (Station 6; Sp. no. 645) and off Futago- 
jima (Station 26; Sp. no, unknown). 
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Text-fig. 8. Jhppoponclla 
hippopus (Smiti) 

a. Mandible of fionLil 
awculaiium x200. 

b. Operuilum X‘200. 
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15. Lepraiia periusa (Esfkk). 

(Hate II, fig. 2; Plate IV, fig. 8; Text-fig. 9.) 

Cellepora periusa Ehper, 1791, Pfian/. (Vllep., p. 119, pi. fig 2 
Eschanna periusa Milne-Eijwahijs, 1811, Lamk An s. Vert., ed. 2, n. p 232 
Cellepnra perlacea W. Thompson, 1813, A M. N H., x p. 20 
Lepraiia pertusa Johnston, 1847, Brit. Z, ed. 2, p. 311, pi. Iiv. fig. 10. -Bosk, 
1852, Cat. Mar. Polv. Brit. Mus, ii, p 80, pi Ixxvin. fig 3, pi. Ixxix, figs 1, 2. — 
Heller, 1807, Bryoz. d Adr. Meeres, p. 35. 

Escharella pertusa Smitt, 1872, Elor. Biyo/., pt ii, p. 55 

Diagnosis: Zoarium incrust ing. Zooecia largo, regularly ovate, 
distinct, separated by raised lines; gymnoeyst covered with [junctures; 
zooecial aperture suborbicular, contracted below with two lateral cardel- 
les, the lower margin slightly curved outwards; usually a tubercle below 
the aperture, which sometimes rises into 
a well developed mucro; the peristome 
slightly thickened, unarmed. Frequently 
frontal avicularia on one side, a little below 
the aperture, with triangular mandible 
directed obliquely upwards. Ooecia glo¬ 
bose, somewhat depressed in front, thickly 
covered with punctures of different sizes. 

There exist in the collection numerous 
colonies which may be identified with the 
above species. They were obtained from 
the following localities: Yunoshima (Sta¬ 
tion 1 ; Sp. no. 483, 638) ; off Yunoshima 
(Station 6; Sp. no. 600, 606, 618); off 
Hanaguri (Station 21 ; Sp. no. 611), off 
Itanozaki (Station 31 ; Sp. no. 123) ; off 
Namiuehi (Station 50; Sp. no. 155). They 
are attached to a stone, a plate of Cirriped 
and bivalve shells. 

In the specimens on hand, two frontal avicularia are usually found 
on both sides of the zooecial aperture, but inliequently there is only 
one, or rarely none. The specimen from station 50 (Sp. no. 455), is 
provided with a somewhat prominent median projection on the frontal 
surface, just below the lower margin of the zooecial aperture. 


a 



Text-fig. 9 Lcptaha pertusa 
( Espfk ). 

a Mandible of frontal a\i. 
cularium X200 
b Operculum X 200. 
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16. Lepralia reticulata, n. sp. 

(Plate V, fig. 4, 5.) 

Diagnosis: Zoaria encrusting, forming an irregular crest. Zooecia 
large, quadrangular or elongated quadrangular, punctured over the 
entire gymnocyst with rather large pores, with somewhat elevated 
thick margin, disposed in lines. Zooecial aperture somewhat large, 
broader than long, arched above, weakly contracted on each side 
below the middle, lower margin nearly straight, peristome slightly 
thickened and elevated, forming a narrow thick border round the 
aperture. A small bluntly pointed umbo presents below the lower 
margin of the zooecial aperture. Marginal zooecia without the aperture, 
entirely perforated with large pores on the surface. Avicularia and 
ooccia wanting. 

Small and large colonies which may be referable to the above 
species exist in the collection. They were obtained off Namiuchi 
{Station 50; Sp. no. 455) ; at Oma (Station 104; Sp. no. 2107, 2143) 
and wore attached to coral and shells. 

It is worthy to note that the marginal zooecia of the large zoarium 
show a different zooecial feature from that of the ordinal inner ones. 
Those are not provided with zooecial apertures (as in the kenozooecia 
of Adeonella ), being entirely perforated with large pores, formed a 
complex network on the frontal surface. 

17. Lepralia bnabiata Hincks. 

(Piute II, fig. 3; Text-fig. 10.) 

Lepralia bilabiata Hincks, 1884, A. M. N. II., vol. 13, p. 49, pi 3, figs. 1, la, lb. 
— Robf.rtson, 1908, Umv. Calif. Pub.. Zool. vol. 4, no. 5, pp. 298-300, pi. 21, figs. 
61-61. 

Diagnosis: Zoarium incrusting. Zooecia short and broad, alternate, 
rounded above, truncate below; gymnocyst at the outer growing rim 
almost wholly membranous soon covered over somewhat more than 
half its surface by a delicate calcareous front wall, convex, slightly 
granular; in older zooecia, rising into a keel, extending from the 
lower rim of the operculum to the base of the zooecium, and forming 
a thick rim, above (he large operculum; frontal wall marked by 
radiating striae and sometimes rising into a distinct umbo. Operculum 
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a b 



Text-fig. 10. Lvpralia bilabmta Hincks. 

a. Few zooeeia, one of them hoars an ooorium x 20 

b. Zooecium with a spine on frontal wall X 4-0. 

large, brown, occupying almost half the gymnoeyst of the zooecium, 
semicircular above, curved on the lower margin. Ooecia immersed, 
formed by an extension of the zooecial wall above the operculum and 
marked by a large pore, covered with a chitinous membrane. No 
avicularia. 

Numerous colonies in the collection are referable to the above 
species. They were obtained from the following localities: Yunoshima 
(Station 1; Sp. no. 480); off Yunoshima (Station 6; Sp. no. 619); 
off Hanaguri (Station 21 ; Sp. no. 452), off ltanozaki (Station 30; 
Sp. no. 462); off ltanozaki (Station 31; Sp. no. 123, 439); off 
Yadonobe (Station 63; Sp. no. 657, 128. 2255); Asadokoro (Station 
72; Sp. no. 165) ; off Fukkoshi (Station 79; Sp. no. 473). They 
were attached to dead bivalve shells and shell plates of Cirripeds. 
Most of the specimens are provided with prominent spinous projections, 
conically pointed at the end, on the middle of the gymnoeyst, just 
below the lower margin of the zooecial aperture. 

Genus H. HIPPODIOPLOSIA Canu 1916. 

18. Hippodiplosia oaSlasiana (Moll). 

(Plate II. fig. 4; Plate V, fig. L) 

Esvhara pallaitana Moll, 1803, Seennde, p. fit, pi m. fig. 13. 

Celia porn pallastana Lamouroux, 181G, Hi^t. Pol. coiall flex., p. 9f>, no. 190. 
Leprulia pallasuina Busk, 1854, Cat. Mai. Pol. Brit. Mus., n, p. 81, pi. Kxxiii. 
figs. 1, 2. — Busk, 1859, Crag Pol., p. 54, pi. ix, fig. 7. — Bisk, 1863, Quart. Journ. 
Mic. Sc., iv, p. 309, pi. xi. figs. 1, 2. — Hincks, 1861, A. M. N. H , 3, ix, p. 204. 
— Smitt, 1868, Krit Fort. Skand. Haf. Biy., iv. pp. 19, 123, pi. xxvi, fig. 93. — IIincks, 
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1890, Hist. Brit. Mar. Poly., pp, 297-299, pi. xxxni. figs. 1-3; pi. xxiv, fig. 4.— 
Cornish, 1907, Mar. Fish Kop. Canaria, no. 22, p. 77. - Osburn, 1912, Bull. Bur. 
Fish., vol. xxx, p. 210, pi. xxv, fig. 51, pi. xxx, fig. 89. 

Diagnosis: Zoarium incrusting. Zooecia large, broad-ovate, distinct, 
coarsely punctured along the entire outer margin of the gymnocyst, 
disposed in lines; zooecial aperture ample, longer than broad, arched 
above, contracted on each side below the middle, lower margin 
slightly curved outwards; the peristome unarmed, thickened; commonly 
an umbo below the lower margin of the zooecial aperture. Ooecia 
unknown. 

Three small and large colonies in the collection are referable to 
the above species. They were obtained at the following localities: 
off Yunoshima (Station 6; Sp. no. 606); off Yadonobe (Station 63; 
Sp. no. -136); off Tozawa (Station 66; Sp. no. -140). They were 
attached to stones and to plates of Cirripeds. 

In most specimens, the zooecia are provided with a median process 
on the gymnocyst, somewhat below the lower margin of the zooecial 
aperture, but in most of these unfmjuently it is entirely wanting. 


Subfamily c. MICROPORELLAE Canu et Bassi.hr 1917. 
Genus 15. MICROPORELLA HlNCKS 1877. 

19. Mizroporella crisis Pallas. 

(Plate H. fig. 5, te\t-fig. 11.) 

Esthara uliala \ar B, Pallas, 1700, Ki.knc ii. Xooph., p. 58. 

Cellepora cilhata Linn, 1766, Syst. Nat., ed. 12, p. 1286. 

Lcprultu cilliata JoHNsroN, 1817, But. Z„ <*d. 2, p 523, pi. Ivit. figs. 1, 5.— 
Busk, 1854, Cat. Mai. Poly. But. Mus., ii, p 73, pi. Ix\i\, figs. 1, 2, pi. lxxvn, figs. 
3, 4, 5.- Busk, 1859, Crag Pol, p. 42, pi. \n. fig. 6 

Porina ciltata Smitt, 1867, Oofv. K. Vetensk. Ak. Foih., pt. u. p. 26, pi. vi. figs. 
126-129. 

Microporclla ahata IIincks, 1880, Hist Brit. Mar. Pol}., pp. 206-210, pi. xxvm, 
figs. 1 8. — Nordc.arh, 1918, Biy. from the Ant Reg., pp. 59-60. — Okada, 1923, 
Annot. Zool. Jap., vol. 10, Art. 22, p 227. 

Eschara ciliatu Pallas, 1766, Elenehus Zoophy., p. 38. 

Mteroporella vibraculifera IIincks, 1883, A. M. N. II., 5, xi, p. 413, pi. xvii, fig. 2. 
Diagnosis: Zooecia ovate, obscurely hexagonal, convex, separated 
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by well-marked sutures and somewhat distinctly punctate, or granular 
on the gymnocyst, quincuncial, or 
disposed in radiating lines ; zooecial 
aperture semicircular above, with a 
slight rim, the lower margin straight, 
the upper with from five to seven 
long spines; median pore lunate, a 
little below the zooecial aperture, 
frequently horns on a prominent 
mucro, or sometimes almost hidden 
behind it. Frontal avicularia on 
one side or the other, with an acute 
mandible, directed obliquely up¬ 
wards 01 * lateral-wards, which is 
often prolonged into a slender vibraculoid shape. Ooecia globose, 
areolated round the base, minutely punctate or granular; two spines 
visible in front of it. 

A few small colonies in the collection are referable to the above 
species. They were collected at the following localities : Off Yunoshima 
(Station 6; Sp. no. 609); Oshima (Station 15; Sp. no. 479); off 
Mourakojima (Station 22; Sp. No. 119); off ltanozaki (Station 31; 
Sp. no. 642) ; off Jukunohe (Station 63; Sp. no. 603); Oma (Station 
101; Sp. no. 609, 2090) together with Microporella malusii (Auu). 
They were attached to a stem Hydrozoa, stones, a species of so a-weed, 
Zostera, and to Area. 


!i f 

£-4 A x. > 

£ -- - - -- - 

T<*\t-fig 11. MitroporeUa ciluita 
Pau.as. 

a. Mandible of fiontal avKulatium 
X200 

I). Op«*milum x200. 


20. Micropore^a maiusii (Audopin). 

(Text-fig. 1)2.) 

Celle para malusii Aupocin & Saviony, 1811, p. 2.19, pi. 8, fig 8. 

Lepralia malum Johnston, 1817, But Z, od 2, p Jll, pi. 55, fig. *1.- - Bosk, 
1851, Cat. Mar. Poly. But. Mus., pt 2, p 8‘3, pi. 103, figs 1-4.— Busk, 1859, Crag 
Pol., p. 53, pi. 8, fig. 3. — Watkks, 1879, A. M. N. II., vui. 3, p. 33. 

Reptopouna malusii d’Orbigny, 1850-52, Pal. loan. Tori. Cn*t, \ol. 5, p *113. 

Mnropurella malusii 1Iin< ks, 1880, Hist Hi it M«i Poly., p. 211, pi. 28, (igs. 9- 
11. pi. 29, figs. 1, 2. — Busk, 1881, Chall Rip., pi. 30, \ol. 10, p 137 — RoohirrsoN, 
1908, LJniv. Pub. Calif. Zool., \ol. 4, no. 5, pp. 282-283, pi. 18 figs. 35-36. 

Fenestruhna malusii Jou.ikn, 1888, Miss. Soirnt. Cap Horn , T 6, p. 38, pi. la, 
figs. 1-3. 
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Diagnosis: Zoarium incrusting. Zooecia ovate or rhombic, alter¬ 
nate, radiating from a central part; gymnocyst calcareous, punctate, 
slightly convex ; immediately inside the margin a row of stellate pores; 



Text-fig. 12. Microporella malusu (Audouin). 

a. Ooeciuin seen from the surface X 150. 

b. Mandible of avicularium X 150. 

c. Operculum Xl50. 


the center of the gymnocyst occupied by a large lunate, toothed pore. 
Zooecial aperture straight below, semi-circular above, with four or 
five marginal spines. Ooecia globose, surrounded by an areolated 
border. 

Of this species, there exist in the collection numerous colonies 
attached to seaweeds. They were obtained off Hanaguri (Station 21; 
Sp. no. 452). 


Family 7. SMITTINIDAE I .EVINSEN 1909. 

Genus 16. SMITTINA Norman 1909. 

21. Smittina trispinosa (Johnston). 

(Text-fig. 13.) 

Discopora trispinosa Johnston, 1838, Kd. Phil. Jouin., xiii, p. 322. 

Lepralia trispinosa Johnston, 1819, Brit. Z., ed. 2, p. 324, pi. Lvii, fig. 7, — Busk, 
1854, Cat. Mar. Poly. Brit. Mus., n, p. 70, pi. lxxxv, figs. 1, 2, pi. xcviii, pi. cii, fig. 
2. — IIincks, 1877, A. M. N. H., p. 100, pi. xi, fig. 1. — Dakwson, 1859, Geol. Surv. 
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Canada, p. 256. — Backward, 1867, Proc. Host. Soc. Nat. Hist., vol. 1, p 67._ 

Whitkaves, 1901, Geol. Surv. Canada, p. 106. 

Smittia trispinosa Hincks, 1880, Hist. Brit. 

Mar. Poly., pp. 353-856, pi. xLix, figs. 1-8. -- 
Osburn, 19J2, Bull. Bur. Fish., xxx, p. 246, pi. 
xxvii, figs. 65, 65 a. — Nordgaard, 1900, Den. 

Nors. Nordh. Exp., xxvii, p. 13, pi. 1, fig. 9.— 

Nordgaard, 1918, Bry. from the Arct. Reg., pp. 

61-62. — Okada, 1923, Annot. Zool. Jap., vol. 10, 
art. 22, p. 228. 

Diagnosis: Zoarium encrusting on 
stones, shells, etc. Zooecia somewhat 
ovate or elongate ovate, sometimes 
nearly rectangular, disposed in linear 
series or quincuncially, separated by 
raised lines and punctured round the 
gymnocyst. Zooecial aperture suborbi- 
cular; peristome somewhat raised, with 
a broad deep rimule, a broad lyrula within the lower margin ; oral 
spines 2-4. Avicularia somewhat large, situated a little below the 
zooecial aperture with an acute mandible directed upwards. Ooecia 
large, ample, globose, somewhat flattened in front, usually with two 
or three large pyriform punctures. 

A somewhat large colony which may be identified with the above 
species exists in the collection. It was obtained at Oma (Station 101 ; 
Sp. no. 2143), attached to a stone. 



Text*fig. 13. Smittirm trmpmwta 
(Johnston). x40. 


22. Smittina reticulata (MacGiixivray). 

(Text-fig 11.) 

Lepralui reticulata MacGill., 1842, A. M. N. H., ix, p. 467. — Johnston, 1847, 
Brit. Z., ed. 2, p. 317, pi. i.v, fig. 10. - Busk, 1854, Cat. Mar. Poly. Bnt. Mus., ii, p. 
66, pi. xc, fig. 1, pi. xcii, figs. 1, 2. 

Smittia reticulata IIincks, 1880, Hist. Brit. Mar. Poly., pp. 346-348, pi. xlviii, 
figs. 1-5. — Norik.ard, 1918, Bry. from the Arct. P«g p. 60. Nokdgard, 1900, 
Den. Nors. Nordh.-Exp., xxvii, p. 13. 

Diagnosis: Zoarium incrusting. Zooecia ovate elongate, in linear 
series, separated by raised lines, strongly areolated round the margin 
of the gymnocyst, smooth or slightly roughened. Zooecial aperture 
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Text fig. 14. Smittina re¬ 
ticulata MA((ilI.L. 

Two zooecia one of them 
with an ooocium x65. 


orbicular, with a thin raised cryptocyst and 
a deeply channelled rimule in the lower lip, 
lyrula rod-like, largest, and cardellcs small. 
Avicularia with an acute mandible pointed 
downwards, situated immediately below the 
sinus. Ooecia semicircular or globose, pro¬ 
minent, punctured, the elevated peristome in 
front giving them a hooded appearance. 

A complete circular colony which may 
be identified with the above species exists in 
the collection. It was obtained off Yuno- 
shima, attached to Ascidea (Chelyosoma 
siboya Oka). 


Genus 17. MUCRONELLA Hincks 1880. 

23. Mucronella hozawai, n. sp. 

(Plate II, fig. «; Plate V, fig. 2; Text-tig. 15.) 

Diagnosis: Zoarium encrusting on seaweeds, forming a thin, 


nearly circular crest. Zooecia 


H 



Text-fig. 15. Mucronella hozawai n. sp. 
a. Few zooecia one of thorn with 
an ooocium X 20. 
h. Side view of zooecium X 10. 


elongated oval, distinctly separated, 
disposed in radiating rows or in 
linear series, punctured sparsely on 
the gymnocyst except along the 
zooecial aperture. Zooecial aper¬ 
ture somewhat semi-circular, arched 
above, and the lower margin nearly 
straight, with a distinct broad ele¬ 
vated cryptocyst. Avicularia want¬ 
ing. Ooecia prominent, globular, 
unpunctured, with a small umbo on 
the centre and with the indistinct 
radiating lines on the outer margin. 
Two curved spines are projected 
backwards from both corners of 
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the lower margin, the ends often crossing in the middle. 

Several colonies of this new species exist in the collection. They 
were obtained at Kawauchi (Station 6t; Sp. no. fill), off Tozawa 
(Station 66; Sp. no. 635) and were! attached to Zostcra and other 
sea-weeds. 

21. Mucronella takahikii, n. sp. 

(Text-fig. 16.) 

Diagnosis: Zoaria incrusting on sea¬ 

weeds or substratum. Zooecia tubular, ar¬ 
ranged in linear series, gymnocyst thin, 
delicate; zooecial aperture circular with an 
elevated lower margin, and with two long 
spines on the upper margin. Oral avicu- 
larium small, with pointed and curved mandi¬ 
ble, is situated at the centre of the lower 
elevated margin. Ooeeia unknown. 

Two colonies were obtained off Tozawa (Station 66; Sp. no. 622) 
and at Oma (Station 101 Sp. no. 2171). 





Text-fig. 16. Mucronella 
takatsukn n. ^p- X‘M). 


Family 8. RETEE0R1DAE Smut 1887. 

Gonus 18. RETEPORA IMPEKATO 1599. 

25. Retepora te rebrat a Buchner. 

(Plate III, litf. 1; Plate V, fig. .).) 

Kelepora lerebrata Bt.M H.NHt, 192t, Xool. Jalitb. S>st, btl. T8, jip. t91-19.'t, taf. 
17, figs. 1-2, text-fig. n. p. 

Diagnosis: Zoarium erect, forming a somewhat large convoluted 
mass, growing from an incrusting disk or with a short peduncle. 
Fenestrae oval or elliptical, about three to four times as long as wide. 
Zooecia somewhat large, arranged biserially in ..lternate arrangement; 
gymnocyst nearly smooth on the surface, sloping upward from the 
side to the median line, perforated by two or three, small, circular 
pores. Zooecial aperture nearly semicircular on the upper margin, 
with a somewhat deep rimule on the lower. Frontal avicularium 
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large, present on most zooccia. much elevated on centre of the gym- 
nocyst, with a triangular, obtuse mandible directed obliquely upward. 
Ooecia relatively small, subspherical, smooth-surfaced, with a small 
peak in the middle of lower margin. Dorsal surface nodulous, fre¬ 
quently perforated by a few small 'pores, with somewhat irregularly 
developed vibices, on some of which there is an occurrence of a 
smaller avicularium than that of the ventral surface. 

Numerous large and small colonies and fragments of the above 
species were obtained from following localities: off Hanaguri (Station 
12; Sp. no. 435); Futagojima (Station 26; Sp. no. 647 ; 656); off 
the Biological Station (Station 28; Sp. no. 453); off Itanozaki (Station 
30; Sp. no. 447, 462 (a), 471 1935); off Itanozaki (Station 31; Sp. 
no. 441, 465), off Oshima (Station 39; Sp. no. 458) ; off Hanaguri 
(Station 469; Sp. no. 469); off Namiuchi (Station 51; Sp. no. 477), 
off Ozawa (Station 62; Sp. no. 432) ; off Jukunohe (Station 63; Sp. 
no. 428, 463), Asadokoro (Station 72; Sp. no. 467); off Shimizugawa 
(Sfation 73; Sp. no. 474, 1421); off Karibazawa (Station 74; Sp. 
no. 146, 413, 433) ; off Noheji (Station 75; Sp. no. 427); off Akemae 
(Station 76; Sp. no. 630, 637), off Fukkoshi (Station 79; Sp. no. 
601, 473 a); off Ushinosawa (Station 80; Sp. no. 633); Oma (Station 
101; Sp. no. 2121); off Yunoshima (Sp. no. 2258), off Tsubakiyama 
(Sp. no. 1678), off Noheji (Sp. no. 1827). 

They were attached to a stone, worm-tube, Hydrozoa and bivalve 
shell etc. It is interesting to note that the Ueteporan species of 
Mutsu Bay is represented only by the present species. 

Family 9. CELLEP0R1DAE Busk 1852. 

Genus 19. CELLEPORA LlNNAEUS 1767. 

26. Cellepora incrassata Lamakck. 

(Plate III, fig. 2; Plate V, fig. 6; Text-fig. 17.) 

Cellepora incrassata Lamarck, 1856, Enry. meth., ed. 2, vol. 2, p. 256. — Smitt, 
1867, Oefv. K. Vetensk.-Ak. Fdrh., p. 33, figs. 212-216. — Smitt, 1868, Kritisk FOr. 
6fvor Skand. Hafs-Bry., pp. 198-200, taf. xxviii, figs. 211-215. — Hincks, 1877, A. M. 
N. H., vol. 19, p. 105. — Robertson, 1900, Proc. Wash. Acad. Calif. Pub., vol. 4, pp. 
312-313, pi. 24, fig. 187, 88. 

Diagnosis: Zoariutn forming coarse, rounded nodules, incrusting 
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seaweed. Zooecia large, round, decumbent in young colonies becoming 
erect in older portions of the colony 
and piled one on top of the other ; 
gymnocyst soon becoming heavily 
calcified and punctured with large 
pores. Primary orifice, rounded on 
the upper peristome with a well 
pronounced rimule on the lower peri¬ 
stome ; secondary orifice orbicular; on 
each side an avicularium somewhat 
elevated, the two often inclined to¬ 
ward each other; mandible directed 
slightly away from the zooecial aper¬ 
ture ; avicularia frequently lacking 
exception zooecia that bear ooecia. 

Ooecia, relatively small, decumbent, 
rounded, smooth, broader than high, a triangular portion, in front of 
which it is thin, and perforated by numerous pores in radiating rows. 

Numerous colonies of the above species from the following locali¬ 
ties: Yunoshima (Station l; Sp. no. 480), off Yunoshima (Station 6; 
Sp. no. 620); Oshima (Station 15; Sp. no. 456 1597); Futagojima 
(Station Sp. no. ? ); off Itanozaki (Station 30; Sp. no. 1935b), off 
Itanozaki (Station 31; Sp. no. 423); off Oshima (Station 39; Sp. 
no. 625); off Ishihama (Station 43; Sp. no. 468), off Namiuchi 
(Station 51; Sp. no. 614), off Akemae (Station 76; Sp. no. 482 (b), 
651); off Fukkoshi (Station 79; Sp. no. 473 b); off Yokohama 
(Station 81; Sp. no. 431); Oma (Station 101; Sp. no. 2169). 

They form small cubical or irregular shaped masses and are 
attached to Hydrozoa , worm-tubes, stones, sea-weeds, dead bivalve 
shells and the thorasic appendage of crabs. 

Genus 20. COSTAZZIA. Neviani 1895. 

27. Costazzia costazi Aup^» in. 

(Plate III. figs. 3-5.) 

Cellepora costazii Audouin, 1826, Explic. des planch. de M. Savigny. 

Cellepora costazii Hincks, 1880, Hist. Brit. Mar. Poly., p. 411, pi. 55, fig. tl-14. 
— Robkrtson, 1908, Univ. Calif. Pub. Zool., vol. iv. pp. 313-314, pi. 21, fig. 89. 



Text-fig. 17. Cellepora incrassata 
Smitt. 

a. Operculum X 200. 

b. Mandible of oral avicularium 
X 200. 

c. Mandible of frontal avKulanum 
x400. 



Y. OKADA 


34 


Diagnosis: Zoarium incrusting or growing in ball-like or discoidal 
masses. Zooecia decumbent, somewhat erect, disposed irregularly and 
crowded together one on top of another, gymnocyst perforated by 
large pores; zooecial aperture suborbicular, with a rimule on the 
lower margin; becoming deeply sunk secondarily by the growth of 
the peristome, bearing an erect process on each side of the aperture 
with a small avicularium on its summit. Intcr/ooecial avicularia scat¬ 
tered irregularly among the zooecia, with a spatulate, large mandible. 
Ooecia decumbent, rounded, smooth, much broader than high, with 
an area in front pierced by large pores. 

There exist numerous colonies which may be identified with the 
above species, in the collection. They were obtained from the follow¬ 
ing localities: Yunoshima (Station 2; Sp. no. 448); off Yunoshima 
(Station 6; Sp. no. unknown), off Hanaguri (Station 21; Sp. no. 
152), off Futagojima (Station 26; Sp. no. 621, 654), off Futatsuya 
(Station 14; Sp. no. 616); off Wakinosawa (Station 61; Sp. no. 
429); off Kozawa (Station 62; Sp. no. 437); off Tozawa (Station 66; 
Sp. no. 622); off Shimizugavva (Station 73; Sp. no. 605 unknown), 
off Noheji (Station 75; Sp. no. 424); off Tomarikawa (Station 78; 
Sp. no. 470); off Ushinosawa (Station 80; Sp. no. 422); Takaisozaki 
(Station 102; Sp. no. 2029), Oma (Station 104; Sp. no. 2146), Oma 
Bay (station 105; Sp. no. 2186). 

They were attached to stones and sea-weed. It is interesting to 
note, that the zoarium of this collection exhibits a variable outer 
configuration, forming frequently a cubical mass, infrequently a discoidal 
convex thickened mass, and occasionally an irregular incrusting mass. 
Seen as to the outer configuration, they may be separated into distinct 
species, but from the zooecial features they are included under the 
same species. 


September 29, 1928. 
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PLATE J 

Fig- 1. Bupula neritimi Linnaeus xl. 

Fig. 2. Caberea hatai , n. sp. X 1. 

Fig. 3. Menipea occidental is var. catahnensis Koberlson Xl. 
Fig. 4. Ilippothoa hyalina (Linnaeus) x 1. 

Fig. 5. Schtzomavella paleata (Busk) X 1. 

Fig. 6. Schizopnrella Crustacea Lorenz xl. 

PLATE II 

Fig. 1. Lepralia foltacea (Ellis & Solan di.ii) x2. 

Fig. 2. Lepralia pcrtusa ( Esi'Er) x 1. 

Fig. 3. Lepralia bilabiata Hincks x 1. 

Fig. 4. Hippodiplosia pall as t ana (Moll) xl. 

Fig. fi. Mteroporella ciliata Pallas xl. 

Fig fi. Mucranella hozawat , n. sp. xl. 

PLATE III 

Fig. 1. Rctepora terebrata Buchner xl. 

Fig. 2. Cellepora mcrassata Smitt x 1. 

Fig. 3. Costazzm costazi (Aijdouin) xl. 

Fig. 4. Costazzia costazi (Audouin) Xl. 

Fig. f). Costazzia costazi (Aijdouin) xl. 

PLATE IV 

Fig 1. Kllisina crenulata , n. sp. x5. 

Fig. 2. Caberea hatai , n. sp. x 5. 

Fig. 3. Hippothoa hyalina (Linn am is) x 5. 

Fig. 4. Schizomavella paleata (Busk) x5. 

Fig. 5. Schtzoporella Crustacea Lorenz x5. 

Fig. 6. Hippopnnella htppopus (Smitt) x5. 

Fig. 7. Lepralia foltacea (Ellis & SoLANDFR) X5. 

Fig. 8. Lepralia pertusa (Espkii) x5. 

Fig. 9. Lepralia pertusa (Esper) x5. 

PLATE V 

Fig. 1. Hippodiplosia pallasiana (Moll) 

Fig. 2. Mucronella hozatcai, n. sp. x5. 

Fig. 3. Reteporu terebrata Buchner x5. 

Fig. 4. Lepralia reticulata, n. sp. x5. 

Fig. 5. Lepralia reticulata , n. sp. x5. 

Fig. 6. Cellepora incmssata Smitt x5. 
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Studies on the Hepaticae of Japan. I. 


By 

Yoshiwo Horikawa. 

(With Pintos Vf-lX arui 6 Text-FiRuros.) 


INTRODUCTION 

The Hepaticae of Japan are indeed of unusual interest, as already 
ix>inted out by some authors 16 . According to our present knowledge, 
they include a considerably large number of species for the limited 
area of the Islands, over 5(X) species and 90 genera having already 
been reported in literature. Moreover, among them are included both 
northern and southern elements. More striking even than this is the 
fact that the vast majority of them are quite endemic (about 65?/£ of 
the total species). Some of the most remarkable, for example, are 
as follows: 

Funicularia japonica Stephani. 

Plagiochasma japonica Stephani. 

Marchantia cuneiloba Stephani. 

Pallavicinia longispina Stephani. 

Makinoa crispata (Stkpii.) Miyake. 

Cavicularia densa Stephani. 

Calobryum mnioides (Lindb.) Stephani. 

Scliiffneria viridis Stephani. 

Bazzania Pompmna (Sande-Lac.) Mitten. 

Ptilidium Bisscti (Mitt.) Kvans. 

Milidium sacculation (Mitt.) Stephani. 

Dendroceros japonica Stephani. 

etc. 

These most characteristic features of Japanese Hepatic-Flora are 
most likely due to the extended latitude of the Islands, and consequently 

* Mi item, W., Jour. Linn. Soc. Cond. Hot, Vol. VIII, p. 1 18 (1865) Schikfner, 
V., Ocsterr. Bot. ZeitM-h., Bd. 49, p. 885 (1899); Evans, A. W., Pror. Wash. 
Acad. Sci., Vol. VIII, p 111 (1906). 
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to the varied edaphic and atmospheric conditions which are to be 
found there. 

Unfortunately, however, in Japan the Hepaticae have been so 
much neglected by collectors that our knowledge of their species and 
geographical distribution is still very incomplete. Up to the present, 
in this country, the localities in which the Hepaticae have been collected 
were limited to a few districts, such as Tokyo (by C. Tsuge, K. 
Miyake and T. Makino), the northern districts (by Abbe U. Faukie), 
province Tosa (by T. Makino, S. Okamura and T. Yoshinaga, 
formerly Inoue), province Rikuzen (by E. Iishiba) and province Iyo 
(by K. Okudaira). But even these districts have not yet been 
completely explored. The following are instances of this situation. 
Lunularia cruciata and Notothylas sp. are rather common in Tokyo, 
Sendai, and Hiroshima, and Pleurozia arcmta occurs in Formosa; and 
yet none of these noteworthy genera just mentioned have ever been 
reported from Japan till the present time. This circumstance shows 
how little we know about the Hepaticae of Japan, and indicates that 
much still remains to be learned. The total number of species will 
surely become greater and greater, as the flora is more thoroughly 
explored in the future. 

We owe our present knowledge of the Hepaticae of Japan mostly 
to Stephani. But it is to be regretted that his descriptions are based 
only on dried specimens sent to him from time to time from Japan 
for determination. Accordingly most of his descriptions are not 
complete and none of these species are illustrated with figures, and 
there are also many species described without any definite locality, 
date, or collector’s name. 

As it is clear how much remains to be done to complete our 
knowledge concerning the Japanese Hepaticae, it is my desire to 
describe, figure, and discuss in the successive series of these reports 
as many species as possible which occur in the Japanese Empire 
(Kulile Is., Sakhalin, Hokkaido, Ilonshiu, Shikoku, Kiushiu, Riukiu Is., 
Formosa, Bonin Is., Korea and etc.). 

It is to be further noted that the late C. Tsuge made the first 
step in the study of Japanese Hepaticae, during his academic year, 
1886-1887. Immediately after completing the university course, he 
became Professor of the 1st Higher School, but unfortunately died 
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soon after. Thus his manuscript is left as such, and has remained 
for the most part unpublished. It is still preserved at the Botanical 
Institute of the Science College of the Tokyo Imperial University with 
the title of “ Hepaticae of Hakone, Idsu, Nikko, Tokyo and its vicinity 
(1887) I went to the Botanical Institute of the Tokyo Imperial 
University and stayed there for four weeks at the end of 1927, 
and due to the generosity of Prof. T. Nakai, I was able to copy 
Tsuge’s manuscript and examine the specimens of Hepaticae. 


This study was undertaken originally at the suggestion of Prof. 
T. Inui of the Hiroshima Normal College, during my stay at Hiro¬ 
shima in 1922, and has continued up to the present day. The author 
wishes here to acknowledge his obligation to Prof. M. Tahara and 
to Assistant Prof. A. Kimura of our University, for the valuable 
suggestions and criticism given in various ways, and also to Prof. B. 
Hayata, Prof. T. Nakai of the Tokyo Imperial University, Prof. T. 
Inui of the Hiroshima Normal College and Prof. S. Okamura of the 
Keio University for their kind advice and encouragement. Thanks 
are also due to Lecturer T. Yoshinaga of the Kochi Higher School 
and to Government Official Y. Shimada of Shinchikushu-cho in 
Formosa, who kindly placed at my disposal many valuable specimens 
collected mostly by themselves. 
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Genus: REBOUL1A Raddi (1818) emend. Nees (1846) 
Reboulia hemisphaerica (L.) Raddi 

(Text-Fig. 1.) 

Reboulia longipes Sande-Lac. in Miquel, Flora Japonica, p. 379 (1870). 

Reboulia hemisphaerica (L.) Raddi; Tsijge, Bot. Magaz. Tokyo, Vol. I, p. 172 
(1887); Schiffner, in Englkr u. Prantl, Natiirl. Pflanzenfam., Teil I, Abt. 3, p. 31 
(1893); Stephani, Spec. Hepat., Vol. I, pp. 790-791(1898); Muller, in Rabeniiorht’s 
Kryptogamen-Flora, Bd. 6, Abt. I, pp. 255-259 (1907), Okamura, in Makino, Nipp. 
Shokub. Dzukwan, p. 1253 (1925); Macvicar, Student’s Handb. Brit. Hepat., pp. 35- 
37 (1926). 

Dioicous or monoicous. Mesophyte. Growing in small rosettes or 
slightly extended layers. Thallus 20-40 mm. long and 5-7 mm. broad, 
furcate, firm and leathery, green to light green, slightly shiny, often 
more or less pigmented with purple on lower surface and margin, 
the margin somewhat ascending and crenulated. Dorsal epidermis 
composed of 4-6-angled cells with large trigones, mostly 14.5- 
23.5 // wide (averaging about 15/') and 27.5-60// long (averaging 



Text-Fig. 1. RebotUia hemisphaerica (L.) Raddi 

1. Anterior part of thallus, postical view, X 8. 2. Epidermal pore of thallus, 
surface view, X233. 3. Cross-section of thallus, showing a simple pore, X233. 
4/ Cross-section of ventral compact tissue, showing a oil-cell and simple pits, 
X300. 5. Ventral scale with two appendages, x38. 6. + receptacle, in cross- 
section near base, x 75. 7. Compound pore in cross-section, from 4- receptacle, 
X233. 8. Capsule after splitting, showing the state of being covered by a 

calyptra at the base, x233. 
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about 39/u). Pores (with their surrounding cells) simple, elevated, 
mostly 118-131/* long and 65.5-106wide, with 5-6 concentric rings, 
each ring usually being composed of 6-8 cells with thickened angles. 
Rhizoids numerous and colourless, 12.7-19 ji wide, either smooth or 
tuberculate. Air-chambers strongly developed, their boundaries indis¬ 
tinct, occupying about 1/3 of thickness in the middle and almost all 
of it in the marginal portion. Compact ventral tissue mostly 17-20 
cells thick in the median portion, the walls more or less thickened 
and showing distinct simple pits; oil cells distinct, scattered, gradually 
passing into the lamina ending in a 1-celled margin. Ventral scales 
imbricate, in one row on each side of the midrib, deeply pigmented 
with purple, obliquely lunate, with 2-3 linear acute appendages, 7-9 
papillae at margin and many oil-cells. receptacle conical or hemi¬ 
spherical, green, divided to the middle into 3-5 obtuse lobes (mostly 
4) which at first bended downwards, later becoming horizontal or 
revolute, each lobe with air-chambers and compound (barrel-shaped) 
pores. Involucres whitish, arising from the ventral margin of the 
receptacle-lobes, conchoidal and 2-valved along the ventral longitudinal 
line, each enclosing a single sporogonium which later half exserts. 
Capsule subglobose, very shortly pedicellate, greenish-black, irregularly 
dehiscing at the apex, the lower portion being left behind as a hemis¬ 
pherical cup containing spores and elaters. Capsule-wall of a single 
layer of cells, without annular thickenings, containing numerous chloro- 
plasts. Peduncle of receptacle 20-60 mm. long, with assimilation- 
tissue, light brown below, surrounded by numerous, filamentous, 2-4 
cells-rowed hairs on both lower and upper ends, with' one ventral- 
furrow. Perianth absent. Spores 64-78 n in diameter, brownish-yellow, 
rounded-tetrahedral, minutely verruculose, with a few large areolae 
and with broad (10 p) crenulate margin. Elaters brownish-yellow, 
bent, gradually attenuate, mostly 341-394 /i long and 8.5 n wide in 
maximum diameter, with two or three spirals. $ receptacle sessile, 
arising from behind the apex of a thallus-lobe, oval to semicircular, 
surrounded with small paleae. Gemmae absent. 

jFV. March-May. 

Hab. On rocks and on soil among rocks in rather dry places. 

hoc. 

Honshiu: Matsushima, prov. Rikuzen (Y. Horikawa, no. 778, July 
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1927); Sendai, prov. Rikuzen (Y. Horikawa, no. 1255, June 1928); 
Nagaoka, prov. Echigo (M. Jumi, no. 1218, June 1928); Nikko, prov. 
Shimozuke (C. Tsuge, May 1887); Tokyo (C. Tsuge, 1887); ibidem 
(K. Miyake, no. 114, 1897); Hakone, prov. Sagami (C. Tsuge, Apr. 
1887); prov. Idsu (C. Tsuge, Apr. 1887); Hiroshima, prov. Aki (Y. 
Horikawa, Apr. 1924); Insl. Miyajima, prov. Aki (Y. Horikawa. no. 
151, March 1924 & no. 644, Apr. 1927). 

Shikoku: Sakawa-maehi, prov. Tosa (T. Yoshinaga, no. 1244, 
July 1928). 

Kiushiu: Nankwan, prov. Higo (Y. Horikawa, no. 37, March 
1923); Kawamura, prov. Higo (K. Maykbara, no. 22, March 1927); 
Aida, prov. Higo (K. Mayebaiia, no. 2 & no. 14, Feb. 1927); Konose, 
prov. Higo (K. Mayebaka, no. '18, March 1927); Aoshima-mura, prov. 
Hiuga (Y. Horikawa, no. 360, Apr. 1927); Kagoshima, prov. Satsuma 
(Y. Horikawa, no. 536, Apr. 1927). 

Formosa: Urai, prov. Taihoku (J. Shiraga, July 1911); Kei- 
chikurin, prov. Shinchiku (Y. Shimada, no. 16, Feb. 1928); Kozansho, 
prov. Shinchiku (Y. Shimada, no. 9, Dec. 1927); Komokwan, prov. 
Shinchiku (Y. Shimada, no. 3, Nov. 1927); Shinchikugai, prov. Shin¬ 
chiku (Y. Shimada, no. 21, March 1928). 

Distrib. Europe, Himalaya, Java, Caucasus, America, Africa, 
Australia and New Zealand. 

Remarks. The genus is monotypic but very polymorphic. 

Genus: MAKINOA Miyake (1899) 

Makinoa Miyake, Hot. Magaz. Tokyo, Vol. XIII, p. 21 (1899) & Hedwigia, Bd. 
XXXVIII, p. 201 (1899) & in Matsumura et Miyoshi, Cryptog. .Japon. Vol. I, no. 7, 
PI. XXXV. (1899); Stephani, Spec. Hepat., Vol. I, p. 361 (1900); Schiffner, Oesterr. 
Bot. Zeitsch. pp. 82-89 (1901). 

Thallus large, fleshy, undulate and crispate at margin, dichotomously 
branched with a broad midrib, passing gradually into unistratose 
margin, Rhizoids numerous from the ventral side of midrib. Under¬ 
leaves filamentous in several rows on each side of the midrib. Arche- 
gonia grouped 15-18 in a depression, covered by an undulate and 
tiliate involucre opening in front. Perianth absent. Calyptra free and 
large, bearing numerous unfertilized archegonia (thalamogenous) on 
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the surface throughout. Capsule long-pedicellate, oblong-cylindrical, 
dehiscing almost to the base along one longitudinal line, the wall with 
two or three layers of cells, with distinct trigones; the outermost layer 
thicker, with many scalariform thickenings on radial walls, the inner 
layer thinner and prosenchymatous. Elater-bearers persistent as erect 
tufts on the apex of the valve. Spores rather small, 1-celled. Elaters 
very long, stout, arranged parallel to the long axis of capsule, spiral 
only in the middle portion, about one-third of the entire length, 
coalescing along a longitudinal line, tapering gradually to slender 
extremities. $ plant separate; antheridia not scattered hut grouped 
20-30 in a crescent-shaped receptacle and arranged regularly in the 
hinder part of a depression, the oldest in hindpart, the youngest in 
forepart, spherical with a short pedicel, immersed singly in each large 
alveolus, covered with a dome-shaped layer, the wall-cells thick and 
cubic; spermatozoids large. 

Makinoa crispata (Steph.) Miyake 
(PI. VI & VII.) 

Pell in crisjmta SrmiANl, Bull. Herb. Boissier, Vol. V, p. 1 OH (1897). 

Makinoa crispata (Steph.) Miyake, lor. cit. (1899); Okamuka, in Makino, Nipp. 
Shokub. Dzukwan, p. 1259 (1925); Hayata, Bot. Magaz. Tokyo, Vol. XLII, p. 188 
(1928). 

Dioicous. Mesophyte. Growing in extended layers, dark to brownish- 
yellow or pale green. Thallus 65-70 mm. long or more and 11-15 mm. 
broad, tender, furcate, margin undulate and usually greatly crispate, 
channelled above the dark-green midrib, in section 10-12 cells thick 
in the middle, the horizontal, longitudinal cell-walls thickened, outer 
cells smaller than the inner, broadly concave above, convex below, 
gradually passing into the 1-celled layer of lamina. Rhi/oids numerous 
from the midrib, brown, 10.5-21 /1 in diameter. Underleaves filamen¬ 
tous, of a single series of 3-5 cells in 2-4 rows on each side of the 
midrib, apex-cell club-shaped and somewhat brown in colour, and 
evanescent. Involucre reduced to a semi-cylindrical scale-like flap on 
the posterior side of the cavity, dentated and undulated at the free 
margin, persistent for many years. Calyptra much-exserted, cylindrical, 
obliquely erect, 6-9 mm. long and 2-2.15 mm. in diameter, 7-8 cells 
thick above, 9-10 cells thick below, brownish-yellow but pale green 
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when young, roughened with many longer unfertilised scattered 
archegonia, the mouth usually irregularly three-lobed, the lobes ciliate. 
Capsule oblong-cylindrical, blackish-brown, shiny, 3-4 mm. long and 
1.5 mm. in diameter, dehiscing to the base usually on one longitudinal 
line, sometimes dehiscing incompletely by 2 valves, the wall consisting 
of two or three layers; the outermost layer, one cell in thickness, 
with brownish-yellow scalariforni thickenings in the radial walls, 42.5- 
53 /* in radial diameter and 30-42.5 /* in tangential diameter; the 
inner layer, one or two cells in thickness, strongly thickened at the 
comer, prosenchymatous mostly with pointed ends, 12.7-19 /* in radial 
diameter and 17-27.7 in tangential diameter, therefore the ratio in 
thickness of the inner* to the outermost layer averaging 1:3 in radial 
diameter, 10: 17 in tangential diameter. Elater-bearers numerous, 
apical, attached to the apex of capsule. Pedicel 55-60 mm. long and 
1.08-1.17 mm. in diameter, hyaline but pale green when young. 
inflorescence solitary or geminate in a depression on the dorsal surface 
of thallus, covered by an involucre; archegonia numerous, usually 15- 
18, mostly 866 /* long and 105/* in diameter at largest portion. 
Spores nearly spherical, 25.5-28 /* in diameter, brownish-yellow, finely 
reticulate but somewhat irregularly. Elaters strict, very long, usually 
155-1384/* in length (averaging 1040/*) and 12.7-15 /* in maximum 
diameter (mostly 14.8/*), spiral only in the middle part, about one- 
third of the entire length, coalescing along a longitudinal line; both 
end-portions without any spiral, longly attenuate to slender extremities; 
rarely the elaters abnormally branched* or shortened. £ inflorescence 
solitary or geminate on the dorsal surface of the thallus, somewhat 
crescent-shaped, scales low and insignificant; antheridia aggregate, 
numerous, usually 20-30, nearly spherical, with a short pedicel, immersed 
singly in each alveolus. Spermatozoids 76-104/* long and 2/* in 
diameter, with two long cilia at the anterior portion. 

Fr. April-May. Both -£• and £ sexual organs are ripen in the 
same season. 

Hab. On wet soil and decaying logs, seldom on rocks or bark, 
in mountainous regions.' 

. * So far as known, the branching elaters occur in Conocephctlus , Targionia, Radula> 

and Anthoceros , cf. Tilden, J. E., Minnesota Bot Stud., Bull. No. 9, pp. 43-52 

(1894) & Muller, K., Rabenhorst’s Kryptogamen-Flora, p. 231 (1907). 
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hoc. 

Honshiu: Mt. Hakkoda, Shinyu 800 m., prov. Mutsu (Y. Horikawa, 
no. 1229, July 1928); Akita, prov. Ugo (U. Faurie, 189?); Hiraizumi, 
prov. Rikuchu (Y. Horikawa, no. 1185 & 1186, May 1928); Sendai, 
prov. Rikuzen (Y. Horikawa, no. 251, Jan. & no. 268, March 1927); 
Insl. Kinkwasan, prov. Rikuzen (Y. Horikawa, no. 798, Aug. 1927); 
Kamo, prov. Echigo (13. Hayata, 1893); Mt. Takao, prov. Musashi 
(K. Miyake, May 1899); Mt. Kiyozumi, prov. Awa (T. Makino, Apr. 
1898); Mt. Amagisan, prov. Idsu (B. Hayata, 1899); Hiroshima, prov. 
Aki (Y. Horikawa, Apr. 1924); Iwakuni, prov. Suwo (Y. Horikawa, 
no. 288, March 1927). 

Shikoku: Prov. Tosa (T. Yoshinaga, Apr. 1899); Sakawa-maehi, 
prov. Tosa (T. Yoshinaga, no. 1248 & 1249, July 1928). 

Kiushiu: Nankwan, prov. Higo (Y. Horikawa, no. 62, Apr. 
1923); Sakaki-mura, prov. Higo (Y. Horikawa. no. 315, Apr. 1927); 
Aida, prov. Higo (K. Mayebara, no. 12, Feb. 1927); Mt. Aoidake, 
prov. Hiuga (Y. Horikawa, no. 461, Apr. 1927); Yunoyama, prov. 
Hiuga (Y. Horikawa, no. 392, Apr. 1927); Kagoshima, prov. Satsuma 
(Y. Horikawa, no. 552, Apr. 1927). 

Distrib. This genus monotypic and endemic. 

Remarks. This species was originally described by Stkphani (1897) 
as Pellia crispata basing upon a sterile specimen collected by Abbe 
Faurie at Akita, a north east district of Japan. Two years later 
Miyake (1899) established the genus Makinoa in honour of Dr. 
Makino. who collected a fertile specimen of this species from Mt. 
Kiyozumi in the province Awa. Since the time of this publication, 
.unusual attention has been paid to the peculiarities of this plant 1 ". 

The systematic position of the genus Makinoa is of unusual interest, 
because in both sexual and asexual generations this genus possesses 
the convergent but principal morphological characters, which are 
common in several other genera belonging to two families. Besides, 

•Schiffner, V., Oesterr, Bot. Zeitschr. Jahrg. 1901, Nr. 3, p. 82 (1901); Evans, 
A. W., Proc. Wash. Acad. Sci., Vol. VIII, p. 141 (1906) & Bull Torrcy Bot. 
Club, Vol. 42, p. 276 (1915); Goebel, K., Organographie d. Pflanren, Erster 
Tell, p. 134 (1913); Hayata, B., loc. cit. (1928). 
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some of the important characteristics are quite peculiar to Makinoa , 
viz.: 
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1. Structure of thallus 

2. Crescent-shaped antheri- 
dial receptacle 

3. Filamentous underleaves 

4. Thalamogenous calyptra 


Symphyogyna , Morckia 

(Leptotheceae) 

peculiar to Makinoa 
Morckia (Leptotheceae). 
Aneura , Metzgcria 

(Metzgerioideae). 
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5. Oblong-cylindrical 
capsule 

6. Mode of capsule- 
dehiscence 

7. Structure of capsule-wall 

8. Apical elater-bearers 

9. Structure of spores 

10. Structure of claters 


Aneura , Ilymenophyton 

(MetzKerioideac). 

Pallavicinia, Morckia 
(Leptotheceae). 

Pallavinia , Morckia 

(Leptotheceae). 

Symphyogyna (Leptotheceae). 
Aneura, Metzgeria 

(Metzgerioideae). 

Pallavicinia (I.optotheceae). 
peculiar to Makinoa . 


As seen above, it will be evident that Makinoa has an affinity on 
one hand to Leptotheceae and on the other hand to Metzgerioideae. 
ScHfFFNEK* maintained the genus should be included in Leptotheceae 
and put it next to Symphyogyna. But Makinoa can he distinguished 
sharply from this genus by the following principal characters: 


1. Antheridia 


Makinoa Symphyogyna 

grouped in a crescent- scattered on the dorsal 
shaped receptacle side of thallus. 


2 . 


Apical elater- 
bearers 


strongly developed 


indistinct or rudimental 


3. Structure of 
elaters 


peculiar-type 


common-type 


4. Capsule-wall 


2 or 3 cell-layer with 
annular thickenings 


1 cell-layer without annu¬ 
lar thickenings 


*Schiffner, V., Oesterr. Bot. Zeitsch., Nr. 3, p. 82 (1901). 
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Consequently, from the phylogenetical stand-point we are able to 
say that our Makinoa has a more or less close relationship both to 
Metzgerioideae and to Leptotheceae, but that its systematic position 
will be rather distant from all the other genera, belonging to Lepto¬ 
theceae and Metzgerioideae. 

Recently the observations on the age of some American Bryophytes 
have been reported by Frye*. In the case of Makinoa the growth 
practically ceases in autumn, and when spring comes the plants begin 
to grow again. Between these two periods there is a distinct constric¬ 
tion, showing on the dorsal surface the traces of or $ receptacles 
(PI. I, Fig. 1). This enables us to know the years of growth most 
easily. In this way the writer could trace at least 6 years of growth, 
the last 4 of which were still alive. The gametophyte is therefore 
an evergreen perennial. 

Genus: SCHIFFNERIA Stephani (1894) 

Schtffneria Stephani, Oesterr. Hot. Zeitsch., Bd. 44, p. 1 (1894). 


Schiffneria viridis Stephani 
(PI. VIII.) 

Jungermannia sp.? Tmugk, Hepat. Hakone, Idsu, Nikko, Tokyo. Mss. pp. 66-68, 
PI. XXXV (1887). 

Schiffneria viridis Stephani, Spec. Hepat., Vol. Ill, p. 278. (1908); (ioi hel, 
Organographie d. Pflanzen, Ted II, p. 603 (1915-1918). 

Dioicous. Mesophyte. Plants growing in dense patches, often 
attaining to 21 mm. in length and 3 mm. in breadth, pale green, the 
1-celled margin somewhat transparent. Stems creeping or procumbent, 
fleshy, arcuate, commonly simple or furcate, the branches arising from 
the ventral side of stem ; midrib broad, convex postically and slightly 
convex antically, usually 6 cells** thick in the middle, gradually passing 
into the 1-stratose margins, outer cells as large as the inner, averaging 
85/i in diameter. Rhizoids pellucid, simple or rarely furcate, scattered 
to the underside of broad stem, generally attaining to 7 mm. in length 
and 9-25 n in breadth. Leaves succubous and regularly arranged, 

* Frye, T. C., Bryologist, Vol. XXXI, pp. 25-29 (1928). 

** Stephani described originally, 41 Costa 8 cellulas crassa”. 
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semi-circular in form, slightly imbricate, ventral inner margin lunately 
cleft. Leaf-cells plane, 5-7-angled, averaging 84 ^ in diameter in the 
middle portion, walls thin throughout, trigones absent, the cells at 
margin with slightly thickened walls. inflorescence borne on a 
leading branch or on a lateral branch; archegonia numerous. Involu- 
cral bracts about twice as large as the leaves, canaliculate-concave, 
narrowly oblong, 1/4—1/3 bilobed, with 1-3 teeth on each lobe, the 
lobes lanceolate/ acute or subobtuse; bracteoles similar to the bracts. 
Perianth long exserted, oblong-ovate, 5 mm. long and 1.2 mm. wide, 
of one layer of cells near apex, 2-3 cell-layers at middle and base, 
mouth somewhat constricted, irregularly lobate (usually about in 8), 
each lobe ciliate; calyptra obovoid, thalamogenous. Capsule oblong- 
cylindrical, 0.8-1.1 mm. long, 0.58-0.65 mm. broad, blackish and shiny. 
Splitting regularly into four equal valves. Wall of 2-3 layers of cells, 
inner layer with elongated cells having numerous semi-annular brownish- 
yellow thickenings, pedicel hyaline and slender, 19 mm. long. Spores 
11-16/* in diameter, mostly 13/*, spherical, brownish-yellow, regularly 
reticulate, the lamellae low, margin of spore appearing as if crenulate- 
dentate, the teeth being 17-21 in number. Elaters light-red, tapering 
at each end, with two spiral bands, 40-300/* long and 11-16/* broad. 
Androecium terminating a short postical branch, bracts in about 2 
pairs, suberect, inflated, shortly and unequally bifid with rounded 
divisions, closely imbricate; antheridia globose, shortly-pedicellate in 
each saccate base of unequally bilobed bract. 

Fr. April-May. 

Hab. On bark, decaying logs and stumps in moist, sheltered 
places in mountainous regions. 

Loc. 

Honshiu: Mt. Amagi, prov. Idsu (C. Tsuge, Apr. 1886); Aokiga- 
hara, the foot of Mt. Fuji, prov. Kai (B. Hayata. 1899); Mt. Misen, 
Insl. Miyajima, prov. Aki (Y. Horikawa, no. 209, May 1924). 

Shikoku: Chiyoga-tani, Onomi-mura, prov. Tosa (T. Yoshinaga, 
no. 1250, Apr. 1925); Mt. Yokogura, prov. Tosa (T. Yoshinaga, 
Aug. 1901); ibidem (Y. Horikawa, no. 176, March 1924). 

Kiushiu: Mt. Aoi-dake, prov. Hiuga (Y. Horikawa, no. 436, Apr. 
1927); Mt. Kirishima, prov. Osumi (Y. Horikawa, no. 489 & no. 
490, Apr. 1927). 
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Distrib. This species endemic. 

Remarks. The genus was established by Stf.phani in 1894. based 
on a single species, Schiffneria hyalina, which was collected by Dr. 
Warburg on Mt. Sibella of Isle Batjan. It was named in honour 
of Prof. Schiffner. Fourteen years later, Stephani (1908) added a 
second new species, Schiffneria viridis, based on sterile material 
collected by Yoshinaga at Mt. Yokogura in the province of Tosa. 
Thus we have at present, two species of the genus. 

Seven years before the appearance of the genus Schiffneria by 
Stephani, the late Tsuge (1887) already described and figured this 
species as Jungermannia sp.? basing on fertile material collected by 
himself on Mt. Amagi in the province of Idsu. It is to be regretted 
that his manuscript is not yet published. 

In its morphological features the genus Schiffneria is one of the 
most remarkable and important genera of the Hepaticae. This genus 
represents the intermediate form just between the thallophytes and 
cormophytes, and for this reason, an unusual amount of attention of 
many other authors * has been attracted to the peculiarities of this 
plant. 

At first Stephani (1894) in his paper put this genus near to 
Hymenophyton, suggesting that it represents rather the transitional 
form between Jungermanniaceae anacrogynae and Jungermanniaceae 
acrogynae. But he afterwards (1908) removed it into the Trigonian- 
theae, as closely allied to the genus Odonloschisma. So far as our 
present investigation goes, it is yet impossible to determine its syste¬ 
matic position positively. The genus appears in its morphological 
characteristics to have no intimate relationship to any of the other 
member of Trigoniantheae. 

* Schiffner, V., Conspcct. Hepat. Archip. Ind., p. 64 (1898); Goebel, K., Organo- 
graphie d. Pflanzen, Toil 2, p. 603 (1915-1918); Wkttsthin, R., Ilandb. d. syst. 
Bot., 2-Aufl. Bd. 1, p. 310 (1923); Hayata, B., Bot. Magaz. Tokyo, Vol. 42, p. 
181 (1828). 
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Genus: PLEUROZIA Dumortikr (1835) 

P2euroz3a arcuala Horikawa, sp. nov. 

(PI. IX & Text-Fig. 2.) 

Sterile. Xerophyte. Growing in scattered or loose depressed tufts. 
Plants usually 70-87 mm. long and 2.2-2.65 mm. wide, reddish-yellow 
to purple, very robust. Stems arising from the rhizomatous base, 
0.42-0.57 mm. in diameter, rather stout, flexuous, arcuate, reddish-black, 
greenish-yellow near the apex, denudate at the base, closely leaved 
elsewhere, suherect or decumbent, simple or sparingly branched; in 
cross-section each cell thickened in its corner, 2 3 outmost cell-layers, 
cortex-cells brown, cells in the central portion much larger, colourless. 



Text-Fig. 2. 

Growing-habit of Pleurozta arcuata Horikawa, in natural size. 


Rhizoids absent. Leaves densely imbricate, concealing the stem, posti- 
cally second, incubous, complicate-bilobed. Antical lobe very large, 
2.2-3.3mm. long and 1.7-2.2 mm. wide, patent, convex, broad-triangular, 
divided up to 7/45 in two triangular segments, acute or subacute, 
strongly incurved and somewhat connivent, the antical margin of lobe 
broadly rounded, widely crossing the stem, decurrent, usually with 
2-3 triangular spinous teeth above the base, the postieal margin 
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slightly curved; both margins towards the apex, together with the 
segments, spinous-dentate. Postical lobe inflated saccate, 1.5-1.65 mm. 
long and 0.99-1.55 mm. wide, attached to the antical lobe in the 
middle with a narrow portion, the lower part incumbent on the postical 
side of the stem which it crosses, erect-patent and nearly parallel to 
the stem, ovate, narrowed at the base, hooded at the apex, the antical 
side turning to the stem with a longitudinal deepening, which falls 
into the sack by valve apparatus. Underleaves absent. Cells of 
antical lobes very large, at middle averaging 38 // long and 28// 
broad, oblong, nodulose and stellate, trigones very large and sometimes 
confluent, reddish-yellow to purple; cells near the apex 25 // in diameter, 
rounded or rounded-oblong, slightly stellate, trigones very large; cells 
at the base 46// long and 25// broad, linear-oblong, the trigones 
smaller and slender; cells at the margin 24 /* long and 20 /* broad. 
Cuticle nearly smooth. Remaining parts not seen. 

Hab . On bark? in subalpinc district. 

Loc. 

Formosa : Mt. Daibusan, prov. Takao (Y. Siiimada & S. Ohashi, 
no. 15-type, Jan. 1928). 

Distrib. This species endemic. 

Remarks. P. arcuata is the first species of the genus Pleurozia , 
consequently of the family Pleurozioideae to the flora of Japan. Up 
to the present day eleven species of Pleurozia have been described 
from all the world.* Among these, the present species is most closely 
related to the widely distributed P. purpurea (Lightf.) Jjndb. It 
agrees with P. purpurea in its general habit, in its strongly incurved 
antical lobes and in its postical inflated saccate lobes. It differs, 
however, from P. purpurea in the following points: 



P. purpurea 

P. arcuata 

1. Number of triangulur 
spines on the postical 
margin of antical lobes. 

1-2 

2-3 

2. Size of cells in 
antical lobes. 



at apex 

18 p 

25 p 

at margin 

12x 14 p 

20 x 24 p 


*Stephani, F., Spec. Hepat. Vol. IV, p. 236 (1910) & Vol. VI, p. 517 (1924). 
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at middle 

15x20 (A 

28 x 38 pi 

at base 

18x39 t* 

25 x 46 (i 

trigones of 
cells at base 

very large 

smaller & slender 

3. Cuticle 

verruculose 

smooth 


Genus: FRULLANIA Raddi (1820) 

Subgen. Thyopsiella Spruce (1884) 

Sect. Obtusifolioe 

The row of ocelli occurs in the antical lobe. Postical lobe cylind¬ 
rical-saccate, longer than broad. Perianth smooth. Antical lobe rounded 
at the apex. 


Key to the Japanese species 


2 


Underleaves rotundate, thrice as broad as the stem, 1/10-1/7 

bilobed . F. Makinoana 

Underleaves narrowly oblong, less than twice as broad as the 

stem, more than 1/3 bilobed .2 

Antical lobes decurved, ocelli short, 2-5 cells long, lobule of 
stem separated from it by about half its own width; 
lobule of branch lying obliquely, forming with the stem 

an angle of 45° . F. densiloba 

Antical lobes not decurved, ocelli long, more than 9 cells 
long, lobule of stem separated from it by about equal 
its own width; lobule of branch subparallel, forming 

with the stem an angle of less than 15° .3 

Plant brownish-red, ocelli 11—16 cells long, underleaves usually 

1/2.6 bilobed. F. tsukushiensis 

Plant yellowish-green, ocelli 9-11 cells long, underleaves usually 
1/1.7 bilobed . F. aoshimensis 


Frullania densiloba Stephani 
(T ext-Fig. 3.) 

Frullania densiloba Stephani (published as a nomen nudum by Yoshinaca, in Bot. 
Magaz. Tokyo, Vol. XV, p. 92, 1901> Evans, Proc. Wash. Acad. Sci., Vol. VIII, p. 
157 (1803); Stephani, Spec. Hepat., Vol. IV, p. 549 (1911). 
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Text-Fig. 3. Frullania densiloba Stephan i 

1, Part of plant with bases of 2 branches, postical view, x36. 2, Part of 
4- plant with perianth, postical view, X 23. 3, Part of f plant with androecium, 
postical view, X 36, 4, Cells from middle of antical lobe, x 233. 5, Cells from 
margin of antical lobe, X233. 6, Base of antical lobe, x233. 7, Stylus of 

stem-leaf, x233. 8, Apex of one division from a stem-undcrleaf, x233. 9, 

Innermost bract of 4- inflorescence, x38. 10, Innermost bracteole of 4- In* 

florescence, x38. 11, Cross-section of perianth in upper third, x23. 12, Spore, 
x300. 13, Postical lobe of bract of androecium with 3-celled tooth, x233. 

14, Innermost bracteole of androecium showing the state of being connated 
with the bract on one side at the base, x!44. 15, Gemma, x233. 
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Dioicous. Xerophyte. Plants small, usually 30 -35 mm. long, dark 
red to yellowish-brown, glossy, growing in depressed mats. Stems 
fragile and flexuous, prostrate, rather firmly adherent to the substratum, 
about 118/* in diameter, reddish-brown, at first regularly pinnate with 
short, obliquely to widely spreading branches, some of the branches 
remaining short and simple, others becoming themselves pinnate in 
the same way as the stem. Rhizoids fasciculate, Colourless, rather 
scarce. Stem-leaves contiguous to loosely imbricated, the lobes widely 
spreading, somewhat falcate, oblong-obovate, averaging 388/* long and 
266/* wide, slightly convex, rounded at the antical base and arching 
far across the stem, the apex rounded and decurved, margin entire. 
Lobule clavate, about 165/* long and 105/' wide, inflated throughout, 
subparallel with the stem and separated from it by about half its own 
width, mouth obliquely rounded. Stylus minute, filiform, or subulate, 
tipped with a hyaline papilla, mostly 4 or 5 cells long and 1 or 2 
cells wide at the base. Branch-leaves smaller than the stem-leaves, 
averaging 319 /* long and 238 /* wide, relatively more closely imbricated, 
lobules similar to those of the stem but closed together and more 
oblique, lying with their rounded ends upon the axis and forming 
with it an angle of about 30°. Leaf-cells roundish, plane or nearly 
so, averaging about 10.5/* at the margin of the lobe, 14.5 /* in the 
middle and 17 x 30 /* at the base, walls somewhat thickened, trigones 
small, the portion lining the cavity being usually pigmented. Cuticle 
smooth. Ocelli mostly in a single row of 2-6 cells, running obliquely 
from the stem between the axis of the lobe and the postical margin, 
averaging 23 x 28 /* in size, contents dark red, ocelli of leaves sub¬ 
tending branches often in 2 rows. Underleaves of the stem distant, 
narrowly oblong, averaging 250 /* long and 166 /* wide, neither cordate 
nor rounded at the base, bifid nearly one-half or less with a narrow 
acute sinus and broad, erect, rounded divisions, the margins always 
plane, entire. Underleaves of the branches contiguous to subimbricated, 
often partially covered over by the lobules, narrowly ovate or ligulate, 
185/* long and 93/* wide, with narrow and often acute divisions. 

inflorescence borne on a leading branch. Involucral bracts 2-4 
pairs, passing by insensible gradations into the leaves, complicate and 
unequally bifid. Lobes of the innermost bracts ovate to oblong, 736.66 /* 
long and 394/* wide, narrowed toward the apex but usually obtusely 
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pointed, margin irregularly sinuate. Ocelli not existing. Lobule of 
innermost bracts ovate-lanceolate, 591 /* long and 275.7 /* wide, acute 
or subacute at the apex, margin irregularly sinuate, usually bearing 
a cluster of short and irregular cilia above the base. Innermost 
bracteole free, ovate, averaging 570 /* long and 420 /* wide, bifid to 
nearly the middle with a narrow sinus and acute divisions, margin 
distinctly short-ciliate. Perianth reddish-brown, 1.1 mm. long and 
0.75 mm. wide, about 2/3-exserted, obovate or pear-shaped in outline, 
trigonous, nearly smooth, gradually narrowed toward the base, rounded 
to truncate at the apex, beak short, cylindrical, entire or nearly so at 
the mouth, perianth compressed, but with a distinct, rounded postical 
keel, narrow toward the apex, surface nearly smooth. Capsule globose, 
pedicel very short. Spores averaging 38.28/* in diameter, roundish or 
oblong, usually somewhat obtusely angular, pale brown, with several 
large tubercular warts. Klaters reddish-brown. Male plant separate; 
Androecium on a short lateral branch, globose, averaging about 186/* 
in diameter, bracts 3- 1 pairs, imbricate, ventricose, antical lobe broadly 
ovate-oval, rounded at the apex ; postical lobe rather smaller, ovate 
somewhat falcate, rounded-obtuse, with a usually 3-cclIcd tooth near 
the apex, the tooth tipped with a hyaline papilla; bracteole 2-3, 
lanceolate, 262/* long and 92/* wide, 1/5 bilobed, connate with the 
bract on one side at the base. Gemmae rare, on the margin and 
surface of the antical lobe, roundish, multi-cellular. 

Fr . April-May. 

Hab. On rocks or bark of trees in mountainous regions. 

Loc. 

Honshiu: Insl. Miyajimu, prov. Aki (Y. Hokikawa, no. 211, May 
1924 & no. 704, no. 710, Apr. 1927) ibidem (A. Noguchi, no. 102, 
Nov. 1927). 

Shikoku: Mt. Ishiduehi, prov. lyo (S. Okamuka, no. 119, Aug. 
1904); Mt. Yokogura prov. Tosa (T. Yosiunaga, no. 23, Aug. 1901); 
Mt. Konomine, prov. Tosa (T. Yoshinaga, no. 32-type, Nov. 1903); 
Sada-misaki, prov. Tosa (T. Yoshinaga, Aug. 1899). 

Kiushiu: Mt. Aoidake, prov. Hiuga (A. Nogi chi, no, 77, Jan. 
1928); Mt. Kirishima, prov. Osumi (Y. Hokikawa, no. 527, Apr. 1927). 

Distrib. The species endemic. 
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Frullania aoshimensis Horikawa, sp. nov. 

(Text-Fig. 4) 

Sterile. Xerophyte. Plants small usually 15 mm. long, green, 
glossy, growing in rather depressed mats. Stems fragile and prostrate, 
rather firmly adherent to the substratum, about 98.5 /* in diameter, 
green, at first regularly pinnate with short, obliquely to widely spread¬ 
ing branches, some of the branches remaining short and simple, others 
becoming themselves pinnate in the same way as the stem. Rhizoids 
fasciculate, colourless, rather numerous. Stem-leaves imbricate, the 
lobes widely spreading, somewhat falcate, oblong-obovate, averaging 
472/* long and 426/* wide, somewhat convex, rounded at the antical 
and arching rather far across the stem, the apex rounded and not 
decurved, margin entire, l^obule jelavate, 160 /* long and 92 /* wide, 
inflated throughout, parallel or subparallel with the stem and separated 
from it by nearly equal or less (averaging 0.8) its own width, mouth 
obliquely rounded. Stylus, minute, filiform or subulate, tipped with a 
hyaline papilla, mostly 4-6 cells long and 1 or 2 cells wide at the 
base. Branch-leaves smaller than the stem-leaves, averaging 344 /* long 
and 263 (i broad, more closely imbricated, with a spine at the postical 
margin of the branch-axil-leaves, usually three cells long and 2 cells 
wide at the base, lobules similar to those of the stem but more closed 
together snd more or less subparallel, lying with their rounded ends 
upon the axis and forming with it an angle of about 22*. Leaf-cells 
containing numerous chloroplasts, plane or nearly so, averaging about 
10/* at the margin of the lobe, 13/* in the middle and 9x28/* at 
the base, walls more or less thickened and with distinct but small 
trigones and intermediate thickenings except toward the base. Ocelli 
mostly in a single row of 9-12 cells, running obliquely from the stem 
between the axis of the lobe and the postical margin, averaging 
22.5 x 30 /* in size, contents dark red. Cuticle smooth. Underleaves 
of the stem distant, narrowly oblong, averaging 243 /* long and 184 /* 
wide, neither cordate nor rounded at the base, 1/1.77 bilobed, the 
sinus subacute or obtuse, divisions erect, acute or subacute apex, the 
margins plane and entire. Underleaves of the branches contiguous to 
subimbricated, never covered over by the lobules, narrowly ovate or 
igulate, 170/* long and 85/* wide with narrow and acute divisions. 
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Text-Fig. 4. Frullania aoshimensis Horikawa 

1, Part of plant with bases of 2 branches, postical view, x38. 2, Part of 

plant with 2 bases of branches, antical view, X38. 3, Cells from middle of 

antical lobe, including ocelli, X 233. 4, Cells from margin of antical lobe, X 233. 

5, Base of antical lobe, X233. 6, Stylus of stem-leaf, x233. 7, Apex of one 
division from a stem-underleaf, x233. 8, Branch-underleaf, x233. 9, Cross- 
section of stem, X233. 10, Spine of postical margin of anthal lobe, X233. 

Hab. On bark of Ardisia Sieboldi Miq. (Moku*tachibana) at the 
seashore. 

Loc. 
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Kiushiu: 
Apr. 1927). 
Distrib. 


Insl. Aoshima, prov. Hiuga (Y. Horikawa, no. 357-type, 
The species endemic. 


Frullania tsukushiensis Horikawa, sp. nov. 

(Text-Fig. 5.) 

Dioicous. Xerophyte. Plants small, usually 15 mm. long and 0.955 mm. 
wide, brownish-red, glossy, growing in depressed mats. Stems fragile 
and flexuous, prostrate, firmly adherent to the substratum, about 100 
in diameter, reddish-brown, densely branched, at first regularly pinnate 
with short, obliquely spreading branches, most of the branches re¬ 
maining short and simple, others becoming themselves pinnate in the 
same way as the stem. Rhizoids fasciculate, colourless, rather dense. 
Stem-leaves rather closely imbricated, the lobes widely spreading, 
somewhat falcate, ovate (obovate), averaging 512 fi long and 234 p wide, 
somewhat convex or nearly plane, rounded at the antieal base and 
slightly across the stem, the apex rounded and not decurved, margin 
entire. Lobule clavate, about 170long and 92wide, inflated through¬ 
out, parallel with the stem and separated from it by about equal its own 
width, the mouth obliquely rounded. Stylus minute, filiform, tipped 
with a hyaline papilla, mostly 3 or 5 cells long and 1 or 2 cells 
wide at the base. Branch-leaves smaller than the stem-leaves, averag¬ 
ing 420 n long and 282 1* wide, more closely imbricated, lobules similar 
to those of the stem but closed together and more or less subparallel, 
lying with their rounded ends upon the axis and forming with it an 
angle of about 15°. Leaf-cells plane or nearly so, averaging 9/* at 
the margin of the lobe, 15.3 in the middle and 12x31/i at the 
base, walls more or less thickened and with distinct small trigones 
and intermediate thickenings except toward the base. Cuticle nearly 
smooth. Ocelli mostly in a single or two rows of 11-16 cells, rarely 
in three rows, running obliquely from the stem between the axis of 
the lobe and the postical margin, averaging 17.6 fi in diameter, contents 
dark red. Underleaves of stem subdistant or loosely imbricated, nar¬ 
rowly oblong, averaging 292long and 21.4/i wide, neither cordate 
nor rounded at the base, 1/2.6 bilobed, the sinus acute, divisions erect, 
acute or subacute apex, the margins plane and nearly entire. Under- 
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leaves of the branches imbricated, narrowly ovate or ligulate, averaging 
232 H long and 120 /i wide, with narrow and acute divisions. 



Text-Fig. 5. Frullania tsukushietisis Hokikawa 

1, Part of plant with bases of 3 branches, postical view, x38. 2, Part of 
plant with bases of 3 branches, antical view, x23.. 3, Part of $ plant with 
androecium, postical view, X 38. 4, Cells from middle of antual lobe, including 
ocelli, X233. 5, Cells from margin of antical lobe, x233. 6, Base ot antical 
lobe, X233. 7, Stylus of stem-leaf, x233. 8, Apex of one division from a stem- 
underleaf, X233. 9, Branch-underleaf, X233. 10, Postical lobe of bract of 

androecium with 3-celled tooth, x233. 
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inflorescence not seen. Androecium on a short lateral branch, brownish* 
red, globose, averaging about 525/< in diameter, bracts 2-3 pairs, 
imbricate, ventricose, antical lobe broadly ovate-oval, rounded at the 
apex; postical lobe rather smaller, ovate, apex obtuse with a mammi¬ 
form papilla, bearing a usually 3-4-celled tooth near the apex, the 
tooth tipped with a hyaline papilla; bracteole 2, lanceolate, 275 f* long 
and 120/i wide, 1/3 bilobed, connate with the bract on one side at 
the base. Antheridia globose, 145 n in diameter. 

Hab. On bark in mountainous region. 

hoc. 

Kiushiu: Mt. Aoidake, prov. Hiuga (Y. Horikawa, no. 452-type 
& no. 532-cotyc, Apr. 1927). 

Distrib. This species endemic. 


Fmllania Makinoana Strphani 

(TVxt-Fig. 6.) 

Frullania Makinoana Stephani, Bull. Herb. Boissier, p. 89, (1897). 

Dioicous. Xerophyte. Plants small, usually 30 mm. long, brownish- 
red, glossy, growing in loosely depressed mats. Stems somewhat rigid 
and prostrate, closely attached to the substratum, about 130// in 
diameter, reddish-brown, usually bipinnate. Rhizoids fasciculate, colour¬ 
less, rather numerous. Stem-leaves imbricate, the lobes widely spreading, 
somewhat falcate, obovate, averaging 787 long and 736// wide, 
slightly convex, rounded at the antical base and arching far across 
the stem, the apex rounded and decurved, margin entire. Lobule 
clavate, 230// long and 133// wide, inflated throughout, subparallel 
with the stem and separated from it by about equal its own width, 
mouth obliquely rounded. Stylus filiform, mostly 4 cells long and of 
a single row of cells, tipped with a hyaline papilla and semicircular 
appendage. Branch-leaves smaller than the stem-leaves, averaging 
550// long and 433// wide, imbricated in the same degree as in the 
stem, lobules similar to those of the stem. I^eaf-cells plane or nearly 
so, averaging about 12 // at the margin of the lobe, 16 // in the middle 
and 16x32// at the base, walls more or less thickened and with 
distinct but small trigones and intermediate thickenings except toward 
the base. Ocelli mostly in 1 or 2 rows, sometimes 3 or 4 rows, 



Text- Fig. 6. Frullania Makinoana Stephan I 

1, Part of plant with bases of 2 branches, postical view, x23. 2, Part of 
plant with base of branch, antical view, x23. 3, Cells from middle of antical 
lobe, including ocelli, X233. 4, Cells from margin of antical lobe, x233. 5, 
Base of antical lobe, X233. 6, Stylus of stem-leaf, x233. 7, Apex of one 

division from a stem-underleaf, x233. 8, Branch-underleaf, x233. 
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mostly 18-25 cells in length, running obliquely from the stem between 
the axis of the lobe and postical margin, averaging 22.5 f* in diameter 
in size, contents dark red. Cuticle smooth. Underleaves of the stem 
distant, large, about thrice as broad as the stem, rotundate, averaging 
420 /t long and 394 ft wide, shortly decurrent. 1/10 to 1/7 bilobed, the 
sinus subacute, lobes broad, erect and subobtuse, margin always plane 
and entire. Underleaves of the branches similar to those of the stem- 
leaves, but smaller than the stem-underleaves, 290/* long, and 26 9/* 
wide. 

Hab. On rocks in mountainous regions. 

hoc. 

Honshiu: Insl. Kinkwasan, prov. Rikuzen (Y. Horikawa, no. 839, 
Aug. 1927); Awa, Naukai (T. Makino, without definite place and 
date) 

Distrib. The species endemic. 
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Fig. 1. 
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EXPLANATION OF PLATE VI. 

Makinoa crispata (Steph.) Miyake 

Habit of 4* plant bearing sporophytes, in natural size. 
t plant with antheridial inflorescence, in natural size. 

Cross-section of thallus, X8. 

Middle portion of thallus, in cross-section, x75. 

Underleaves, x 50. 

Longitudinal sagittal section of 4- inflorescence, x23. 

Longitudinal sagittal section of $ inflorescence, X23. 

Involucre, surface view, X 16. 

Cross-section of calyptra, upper part, x50. 

Dehiscent capsule, showing valve being bended backwards and apical 
elaters stand up straightly, in natural size. 

Spermatozoids, X710. 


EXPLANATION OF PLATE VII. 
Makinoa crispata (Steph.) Miyake 


Capsule, X8. 

longitudinal section of mature capsule, showing apical elater-bearers, 
x 12. 

Elater-bearers, X 144. 

Cross-section of capsule-wall, X233. 

Longitudinal-section of the same, x233. 

Spore, surface view, x740. 

Normal elater, X300. 

20. 21 and 22. Abnormal elaters. x300. 

EXPIANATION OF PLATE VIII. 

Schtffnena viridis Stk.phani 
Habit of fertile plant, in natural size. 

I. Portion of plant bearing sporophyte, antical view, x8. 

Ditto, postical view, x8. 

Thallus with young shoot, postical view, x8. 

Cross-section of thallus, x38. 

Leaves, postical view, x38. 

Apex of leaf, x 144. 

Cross-section of perianth, near the middle part, xdh. 

A lobe of perianth, x50. 

Part of plant with antheridial spike, postical view, x5. 

Antheridial spike, antical view, x2J. 
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Fig. 13. 
Fig. 14. 
Fig. 15. 


Fig. 

1 . 

Fig. 

2. 

Fig. 

3. 

Fig. 

4. 

Fig. 

5. 

Fig. 

6 . 

Fig. 

7. 

Fig. 

• 8. 

Fig. 

9. 

Fig. 

10. 

Fig. 

11. 

Fig. 

12. 

Fig. 

13. 


Antheridium, in optical section, x60. 

Spore, outer face, xlOOO. 

Elater, Xl44. 

EXPLANATION OF PLATE IX. 

Pleurozia arcuata Horikawa 

Part of plant near apex, antical view, x8. 

Ditto, postical view, x8. 

Outlines of cross-section of two stem, x8. 

A portion of ditto, xl44. 

Antical lobe, dissected from the stem, X8. 

Postical lobe, separated from the antical lobe, x23. 
Ditto, side view, X23. 

Cells from middle of antical lobe, x 233. 

Apex of on antical lobe, x233. 

Uppermost marginal-spine of antical lobe, x233. 
Lowermost maginal-spine of the same lobe, X233. 
Outer valve, x!44. 

Inner valve, X 144. 
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Notes on the Behavior of the Holothurian, 
Caudina c hilensis (J. Muller). 0 


By 

Toshihiko Yamanouchi. 

(Zoological Laboratory, College of Science, Kyoto imperial University). 

Following my study of this holothuria during the summer of 1925, 
I carried out these observations and experiments during the whole 
summers of 1926 and 1927 at the Asamushi Marine Biological Station. 
The contents of this report are arranged as follows: — 


I. Activity 

1. Egestion of sand. 

2. Burrowing into the sand. 

3. Locomotion. 

II. Mechanical stimuli. 

1. IjOcaI mechanical stimulation. 

a) The tentacles. 

b) The genital papilla. 

c) The body surface. 

2. Stimulation of the entire body 
surface. 

3. Muscle tonus and mechanical 
stimuli. 

4. Discussion. 

III. Geotropism. 

1. Negative geotropism of the 
tail. 

2. Discussion. 

IV. Chemical stimuli. 

1. Method. 

2. Reactions obtained. 


a) Osmotic stimulus. 

b) Inorganic salts. 

c) Antagonism of ions. 

d) Acid and alkali, 
o') Alkaloid. 

f) Narcotics. 

g) Sugar. 

h) Dilution. 

i) Part of the body. 

j) Nerve ring. 

k) Body weight. 

3. Discussion. 

V. Heat. 

1. Local application of heat and 
cold. 

2. Alternating the temperature 
of the medium. 

VI. Photic stimuli. 

VII, Summary. 

VIII. Literature cited. 


15 A contribution from the Marine Biological Station, Asamushi, Aomori*Kcn. 
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I. ACTIVITY. 

1. EGESTION OF SAND. 

The whole body of Caudina , as previously reported (Yamanouchi 
1926 p. 86 Fig 1.), is buried in the sand except for the tip end of 
the tail, which is directed upward, just on the surface of the sea 
bottom. We can easily see in the sea water this end of the tail or 
cloaca, making pulsations for respiration. At intervals the expiration 
occurs with a very great amplitude, and the holothuria spouts, together 
with expiratory water, a stream of the egested sand to the height 
of a few centimetres. I made field observations to determine accurately 
the intervals of this spouting (Table I). 


Table 1. 

Successive intervals of the egestions of sand in the natural habitat. 
Time in minutes and seconds. Measured on Sept. 2. 1926. 
10-11,30 A. M. Temp. 23 ’C. 5 animals. 
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Sept. 2. 3-6 P. M. Temp. 24.6 C. 6 animals. 


F 

G 

H 

K 

L 

M 

6,63 


3,37 

3,45 

2,19 

3,68- 

4,24 


Ml * 


4,33 

6,40 

6,20 

4,26 

8, 27 

2,61 


8,81 

4,66 


2,10 

4,49 


4,86 

9,06 

6,28 

5,16 

4,38 

3,46 

4,30 

4,11 

3,64 

3,64 


5,31 
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August 30. 1-2 P. M. Temp. 23.6°C. 10 animals. 


1 

2 

3 

4 

5 

C 

7 

1,38 

1,45 

2,05 

2,30 

i 

2,42 

8,01 

3,05 


Table 1 indicates that the intervals vary greatly with different 
individuals, and even with a single individual. These variations, 
however, are within certain limits; the most of the above 77 intervals 
obtained from 21 animals range between 2 and 5 minutes. The most 
frequent interval is 3.5 minutes (Table 2). 


Table 2. 


Interval in minutes 

Number of Cases 

1- 2 

2 

2 - 3 

12 

3- 4 

29 

4- 6 

20 

5- G 

6 

6- 7 

3 

7- 8 

0 

8- 9 

2 

9-10 

1 

10-11 

2 

Total 

77 

Number of animals 

21 


The egestion of the sand is performed day and night. The time 
from the ingestion to the egestion was determined both directly by 
measurement and indirectly by calculation. 

Direct measurement . A normal individual was placed in a large 
clean dish and after a time (one hour) the egested sand was gathered 
and weighed (I must thank my friend Dr. Tao for suggesting this 
method). The sum of the egested sand and the remaining contents 
of the intestine gives the total content of the sand. Dividing the 
latter by the egested sand, the time of the egestion of the total sand 
was directly determined. 

Indirect measurement . In the previous paper (1. c. p. 91), it was 
noted that the animal egcstes 6.57 grams of sand (weighed in the 
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Table 3. 

Time in which the content of the alimentary canal is totally egested. 
Aug. 1-2. 1927. 24-25°C. 


Body weight 
without sand, 
in grams 

Sand in the 
alimentary canal, 
in grams 

Sand egested 
within one hour, 
in grams 

Hours total sand 
egested 

32.69 

19.86 

7.79 

2.66 

27.68 

21.69 

8.46 

2.49 

19.13 

11.92 

4.48 

2.66 

about 22 

16.86 

6.98 

2.82 

22.82 

, 

16.69 

4.06 

3.84 

Mean 

2.87 


dry state) per hour. 6.57 grams of dry sand weighed 8.04 grams in 
the wet state (containing 22.3 °/o water). The mean content of the 
sand measured in 170 animals was 15.16 grams; dividing 15.16 grams 
by 8.04 grams, we have the mean time of the egestion of the total 
sand content in the alimentary canal, 

' w =1 - 89 {hours) - 

Comparing the two results, 

directly measured 2.87 hours 

calculated 1.89 hours 

it must be pointed out that in the experimental condition the egestion 
of the sand proceeds moFe slowly than in the natural state. 

2. BURROWING INTO SAND. 

In any case when this animal is dragged out and placed on the 
sand in sea water, the anterior end of the trunk shows strong positive 
geotropism, and the animal returns gradually into the sand by a 
contracting wave of the body musculatures. The burrowing time was 
only recorded for the trunk, for the time of burial of the tail showed 
irregularity, and also the determination of the end point was difficult. 
The measurement was made in sea water in the afternoons of five 
calm days. Four or six animals (according to size) were placed on 
sand in each rectangular case made of tin-plate. Three such cases 
were placed side by side in sea water. 
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Table 4. 

Mean time in minutes from the beginning of the positive geotropism 
to the complete burial of the trunk in sand. Temp. 23~27°C. 


Body weight 
without sand, 
in grams 

Number of 
animals 

Trunk 
length 
calculated*, 
in cms. 

Successive trials 

I 

11 

III 

IV 

V 

VI 

0- 2.6 

7 

2.8 

6.6 

7.8 

7.6 

8.6 

9.9 

9.9 

2.6- 6.0 

12 

a. 5 

9.5 

11.4 

12.7 

13.2 

15.2 

17.0 

6.0-10.0 

12 

4.5 

9.1 

10.8 

14.1 

16.0 

18.3 

20.8 

10.0-20.0 

9 

6.1 

11.2 

13.7 

15.8 

16.5 

21.0 

22.9 

20.0-80.0 

8 

7.2 

12.4 

17.4 

21.8 

25.3 



80.0-40.0 

6 

8.1 

17.0 

21.0 

26.0 

33.0 



40.0-60.0 

4 

8.8 

17.3 

24.0 

31.5 

41.0 




* Calculated from the body weight by Ltr-= (2.38+0.10)W'’^ (cited from 
Yamanouchi 1929). 



Fig. 1. Drawn from the Table 4. 

The heavier or the older animals burrow more slowly than the 
lighter or younger ones, and by successive trials the burrowing time 
increases gradually. The time of the burrowing of the unit length 
of the trunk is not very different in any of the animals. By succes¬ 
sive trials the velocity decreases gradually. In the animals above 20 
grams this decrease is marked (Table 5). 

Special attention must be paid to the high activity of the animals 
of 10-20 grams (without sand); in these animals the burrowing velocity 
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Table 5. 

Time in minutes, in which one cm. of the trunk of the 
animal burrows into sand. 


Body weight 
without sand, 

Trunk length 
calculated, 


- 

Burrowing time 
Trunk length 

— 


in grams 

in cms. 

I 

II 

111 

IV 

V 

VI 

0- 2.5 

2.8 

2.3 

2.6 

2.7 

3.0 

3.6 * 

3.6 

2.6- 6.0 

3.6 

2.7 

3.8 

3.6 

3.8 

4.3 

4.8 

6.0-10.0 

4.6 

2.0 

2.4 

3.1 

3.6 

4.1 

4.6 

10.0-20.0 

6.1 

1.8 

2.2 

2.6 

2.7 

3.4 

3.7 

20.0-30.0 

7.2 

1.7 

2.4 

3.0 

3.6 



30.0-40.0 

8.1 

2.1 

2.6 

3.2 

4.1 



40.0-60.0 

8.8 

2.0 

2.7 

3.6 

4.7 



Mean 

2.00 

2.60 

3.11 

3.63 

3.82 

4.16 


is the greatest in many cases of successive trials. The measurement 
of reaction time for chemical stimuli revealed the same tendency 
(Table 24). Statistical studies also revealed interesting peculiarities 
among these animals (Yamanouchi 1929). 

Burrowing into the sand is accomplished by the cooperative activity 
of both the musculatures and the tentacles, for the animals whose 
tentacles were cut off could no longer burrow into the sand, even 
though the anterior part of the trunk showed definite positive geotro- 
pism. Gerould (1896) describes that Caudina arenata can completely 
burrow into sand after the elapse of two or three hours; but his 
observation was probably made on very tired animals. 


3. LOCOMOTION. 

It never occurs that the animal comes out of the sand on its own 
accord, or crawls on the sand or other flat surfaces. I observed, 
however, a queer crawling movement in the evening of August 7th 
1926, when the animal was brought out of water and placed on a 
glass plate in the air. The mode of movement was similar to its 
burrowing movement into sand. The direction of the locomotion was 
postero-anterior. A brief sketch of the locomotion is given in the 
following text figure. The mean interval of the successive waves was 
33 seconds. The interesting point is that complete retraction of the 
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tentacles occurs at the end of the wave. This complete retraction 
seems to correspond to taking the sand into the mouth. The tentacles 
are the most important organ for movement in the sand, and swallowing 
the sand by the aid of tentacles would much facilitate its movement 
in addition to its food taking. 



Fig. 2. Locomotion on n glass plate. Direction of the movement is in¬ 
dicated by the arrow. 


Locomotion of the holothuria is discussed in detail by Crozier 
(1915 b). No fundamental difference was observed in the case of 
Caudina from Crozier’s description. I observed in many cases when 
the animal was placed in water, that the peristaltic waves proceeded 
postero-anteriorly; such waves were also newly generated from the 
spot strongly stimulated on the middle trunk, as by a strong mechanical 
stimulus or by an acid or salt solution. Occasionally the waves pro¬ 
ceeded in an antero-posterior direction from the stimulated spot. 
Posterior transmission of the stimulus is described by Crozier in 
Holothuria surinamensis and confirmed by his studies on the rhythmic 
pulsation of the cloaca of Stichapus moebii> in which the impulse is 
transmitted alternately both posteriorly and anteriorly in a single 
pulsation (Crozier 1916 a, p. 325). 
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II. MECHANICAL STIMULI. 

The material was collected just before conducting the experiments 
and was placed on a cloth spread over the edge of a glass jar of 
about 2 litre content. Only the portion to be stimulated was exposed 
to the air, if necessary, by the adjustment of the cloth, and after the 
stimulation it was immediately lowered into the water. The tem¬ 
perature was between 22 to 26°C. 

1. LOCAL MECHANICAL STIMULI. 

The local stimulus was applied to the animal by the use of a glass 
capillary. The reactions are summarised in Table 6. 

a) The tentacles stimulated by a gentle touch responded with a 
slight retraction of the touched tentacles. A stronger touch produced 
the retraction of all the tentacles; a more severe touch led to the 
retraction of the tentacles and the anterior part of the trunk. Even 
by severe or injurious treatment no remarkable change occurred in 
any part of the body except the anterior. 

Table 6. 

Response to mechanical stimulus on the various parts of the animal. 

Number of animals tested 17. 


Fart ! 
stimulated 

Stimulus 

Tentacles 

Genital 

Papilla 

1 

Trunk, 

anterior 

Trunk, 

middle 

Tail 

Light touch 

withdrawal 
of the sti¬ 
mulated 
tentacle 

withdrawal 
of the ten¬ 
tacles 

withdrawal 
of the ten¬ 
tacles and 
the anterior 
trunk 

local con¬ 
traction 

slight shor¬ 
tening. 

Gentle touch 

retraction 
of the ten¬ 
tacles and 
the anterior 
trunk 

same as 
left 

same as 
left 

same as 
above 

same as 
above 

Strong touch 

same as 
above, 
response 
much in¬ 
creased 

same as 
left 

same as 
left 

! 

same as 
above, res¬ 
ponse much 
increased 

shortening 
of the whole 
tail 
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b) The genital papilla is situated on the dorsal surface close to 
the oral brim. The mechanical stimulation of the genital papilla 
called forth, besides a slight shortening of itself, response in the 
tentacles and the anterior part of the trunk. The relation between 
the intensity of stimulus and the magnitude of reaction was the same 
as in the tentacles. 

c) The entire body surface was very receptive to mechanical 
stimuli; by a weak stimulation a ring like depression occurred in the 
part stimulated, the opposite part, however, was little affected. If 
the stimulus was sufficiently strong, besides the local constriction, a 
remarkable shortening of the longitudinal muscles took place locally. 
These local constrictions showed no sign of propagating others else¬ 
where in the body, provided that the stimulus applied was not too 
abnormally strong. In the anterior part of the trunk the retraction 
of the tentacles and the anterior trunk accompanied the local contrac¬ 
tion. A slight touch of the oral brim led to the withdrawal of the 
tentacles. The region of the body which was able to induce the 
response of the tentacles and the anterior trunk by a gentle mechanical 
stimulus was restricted to the region within one centimetre from the 
oral brim. 

d) The tail. Owing to the extreme contraction of the whole tail, 
the response of the circular muscles was difficult to observe, but the 
shortening of the longitudinal muscles was easily observed. The 
magnitude of the reaction was proportional to the intensity of the 
stimulus. To a strong mechanical stimulus, the entire tail and the 
posterior region of the trunk fell into the state of contraction, but 
nothing was remarked in the tentacles or anterior half of the trunk. 

On repeated weak stimulation a summation of the local contraction 
occurred in any part of the body stimulated. On the middle part of 
the body a deep furrow was formed at the spot stimulated, and on 
rapidly repeating the stimulation, this furrow spread to the opposite 
side of the body, and a ring-like depression, deepest at the stimulated 
spot, was formed. 

The amputation of the anterior or the posterior end of the body 
called forth severe contraction of the injured portion. In both cases 
the contraction was restricted to the vicinity of the injured portion, 
the opposite half of the body remaining unchanged, provided that 
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any direct disturbance of the body was avoided by careful treatment. 

2. STIMULATION OF THE ENTIRE BODY SURFACE. 

To general mechanical stimuli, such as jarring the water, or drop¬ 
ping water on the surface of the aquarium water, or tapping the wall 
of the aquarium, the animal responded with the tentacles and the 
anterior trunk. A very weak stimulus caused the tentacles to stop 
the movement or to retract slightly. To a stronger one, both the 
tentacles and the anterior trunk reacted. The reactions to the distur¬ 
bance of the water were less severe than those to local mechanical 
stimulation. 


3. MUSCLE TONUS AND MECHANICAL STIMULI. 

When we dug up the sand and pulled the animal out of the sand 
by seizing the anterior portion of the trunk, the whole body of the 
animal was soft with an enormous length, showing no remarkable 
distinction between the tail and the trunk. But after a few seconds 


Table 7. 


Body length of the animal in a natural habitat and in contraction after 
it is dragged out of sand. Temperature 22.5°C. 


Body 



i 





Ratio 

Body length, natural. 







weight 
without 
sand, in 

jooay tengin com.raci.eii, 





in cms. 



in cms. 


tail 

trunk 

total length, 
natural 



total 

length 






Same 

contracted 

grams 

trunk 

tail 

trunk 

tail 

total 

length 

natural 

con¬ 

tracted 

16.67 ! 

8 

16 

23 

6.6 

3.8 

9.3 

1.9 

0.69 

2.5 

17.88 

12 

22 

84 

6.7 

4.2 

10.9 

1.8 

0.63 

8.1 

18.97 

10 

20 

30 

7.7 

6.6 

18.2 

2.0 

0.71 

2.3 

26.96 

12 

21 

83 

7.8 

4.8 

12.6 

1.8 

0.62 

2.6 

27.62 

12 

22 

34 

8.6 

4.9 

18.6 

1.8 

0.67 

2.6 

80.30 

10 

18 

28 

9.6 

5.2 

14.8 

1.8 

0.54 

1.9 

31.60 

10 

20 

30 

7.7 

6.0 

18.7 

2.0 

0.78 

2.2 

83.67 

18 

23 

36 

8.7 

5.4 

14.1 

1.8 

0.62 

2.6 

36.29 

11 

26 

86 

7.7 

4.0 

11.7 

2.3 

0.62 

8.1 

36.69 

11 

18 

29 

8.3 

4.9 

13.2 

1.6 

0.69 

2.2 

33.61 

10 

16 

26 

8.2 

6.0 

14.2 

1.6 

0.78 

1.8 

40.40 

11 

19 

30 

9.6 

6.2 

15.7 

1.7 

0.66 

1.9 

Mean 

1.8 

0.64 

2.4 
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all the musculatures gained definite tonus and the animal assumed a 
definite shape and hardness, the tail becoming distinct from the trunk. 
As a result of the sudden increase in muscular tonus, the body in¬ 
creased in width and decreased in length. The approximate length 
measured immediately after the animal was drawn out of the sand 
was designated as its natural length. This and the length in contrac¬ 
tion, and also the ratio of these lengths, are given in Table 7. 

The form of the body is determind by the tonic relations among 
circular and longitudinal muscles, the elastic fibres in the subepithelial 
connective tissue (Jordan 1914, Uexkuel 1926) and the pressure of 
the body fluid. Table 7 indicates decidedly the increased tonus of 
the muscles because of the absence of the continued mechanical 
stimulation (Das Nichtberiihrtsein in the term of v. Buddenbrock 
1924, p. 98) of the entire surface by the sand. The continuous 
mechanical stimulus by sand seems to act on the animal in decreasing 
tonus. The following observation confirms this interpretation: when 
the animal was placed in water, irregular constriction due to the 
ununiform tonic contraction of the circular muscles appeared on the 
upper body surface, while on the contrary, the lower surface which 
was in contact with any substratum showed much less constriction 
and seemed rather smooth; and on alternating the upper side with 
the lower, the same effect always was brought about. Such disap- 
perance of irregular constriction and the decrease in muscle tonus 
were also found on reexamination of the animals after they had 
burrowed into the sand. The tonus-decreasing action was independent 
of the size of the sand grains, such that the following results were 
found: — 


Aug. 26, 1927. 


4. 20 P. M. 



A 

B 

C 


in fine sand 

in coarse sand 

in gravel and 
small pebbles 

after 30 mins. 

the body was 
elongated and 
became smooth 

same as A 

same as A 

number of animal 

2 

2 

2 
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Auk. 23. 


after 30 mins, 
number of animals 


A 

in coarse sand 

same as A on 
Aug- 26 

2 (young) 


4. 15 P. M. 

B 

in coarse sand 
same as A 
2 (old) 


C 

in fine sund 
same as A 
2 


The hardness of the body was markedly increased by treatment 
such as rubbing the entire surface with a cloth or with the hand, or 
dropping the animal on the ground from a height of a few centimetres. 


4. DISCUSSION. 

For comparison of the responses of the various parts of the body, 
the magnitude of the reaction must be considered. The reaction time 
was so short that an accurate measurement was impossible even with 
a stop watch. The magnitude of the reaction was in the following 
order (in decreasing series): anterior part of the trunks tail > middle 
part of the trunk. In both ends of the body the contraction of the 
longitudinal muscles was greater than that of the circular muscles. 
The facility to give rise to a reaction of the tentacles and the anterior 
end on stimulating the various parts of the body was in the following 
order: —oral brim}>gcnital papilIa^>tentacles^>anterior part of the 
trunk. The reactions to mechanical stimulation were in general local, 
if the stimulus were not too strong. With a strong stimulus, the range 
and magnitude of the reaction far increased, yet remaining local. The 
reactions were in general to avoid and protect the body from the 
injurious stimuli. 

The order of responsiveness in Caudina is the same as in flolo- 
thuria (Crozier 1915 b, p. 255) and many other animals, except for 
the tentacles. Distant reaction is developed in the anterior end of 
the body, but it is of a far lower degree in comparison with that of 
Chromodoris (Crozier and Arey 1919). 

In Caudina the ratio of the natural and the contracted body 
lengths is 2.4 in an average value (Table 7). Crozier (1915 b) ob¬ 
served the change of the body length of Holothuria under mechanical 
stimulus, as follows: 
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No. 

normal 

contracted 

normal 

contracted * 

1 

16.6 

10.0 

1.6 

2 

10.0 

4.0 

2.6 

8 

16.6 

8.9 

1.8 

4 

19.1 

9.0 

2.6 

5 

18.0 

8.6 

2.1 

Mean 2.1 


(* the last column was calculated by the author). 


According to Peakse (’08) the length of Thyone is 20 cms. in a fully 
extended animal and 6-7 cms. in a contracted one. In this case, 
extended/contracted is 2.8-3.3. In these animals the degrees of con¬ 
tractility are not far different; the higher degree in Caudina and 
Thyone than in Holothuria seems to be due to their sand inhabitance. 

Jordan (1914 p. 123) attributes the hardening of the holothuria 
by a gross mechanical stimulus to the tonic contraction of the muscle¬ 
like fibres in the connective tissue, and later v. Uexkull (1926) has 
shown that this tonic contraction occurred with absence of the sensory 
cells. The state of the hardening of the body under gross mechanical 
stimulation is distinguished from that of the tonic contraction of both 
the musculatures by the hardness of the body wall and not from the 
shape of the animal. If there were no other fibres besides the elastic 
fibres in the tegument of Caudina , the hardening of the body wall 
would probably be brought about by the tonic contraction of the fibres 
in question (Tao 1927 p. 266). 

The entire surface of Caudina is very receptive to mechanical 
stimuli and the responses are quite adaptable to its life in the sand. 
The relaxed state of the musculatures of the entire body in the sand 
is the most favourable state for reaction to external stimuli (IJkxkui.l 
1921, p. 54). 


III. GEOTROPISM. 

The posture of Caudina in the sand is described in detail in my 
previous paper. Let us repeat the description briefly, for convenience 
in further explanation. The extremely elongated body of the animal 
makes about 30° inclination to the surface of the sea bottom, while 
the tip end of the tail lies just on the bottom surface directed ordi- 
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narily perpendicularly. The dorsoventrality is maintained as in the 
common holothuria, that is, we find the trivium on the lower side 
and the genital papilla on the upper surface (Yamanouchi 1926, Fig. 
1). The existence of the positive geotropism in the anterior trunk 
was proved in the previous paper. In this chapter the geotropism 
found in the posterior part of the body and the problem of the 
geotropism of this animal will be discussed. 

1. NEGATIVE GEOTROPISM OF THE TAIL. 

While this animal was placed in the sea water, the trunk bent in 
any direction, due to the differences of tonus among the five pairs 
of longitudinal muscles. The tail was found in many cases bending 
more or less upwards. In such a case, if we reverse the position 
along the main axis, the tail bent again upwards and remained un¬ 
changed, and the anterior end bent somewhat downwards, as indicat¬ 
ing the natural posture in the sand. To determine the localization 

Table 8. 

Time in which the tip end of the tail emerges on the bottom surface 
after the animal is imbedded m sand. 


Mode of operation 

Number 

of 

animals 

1)cpth 
imbedded 
in cms. 

Time of reappcrance 
in minutes 

Mean 
in minutes 

Normal (unoperated) 

5 

7 

14, 

17, 

22, 

23, 

30 

21.2 

Without the nerve ring 

5 

7 

13, 

18, 

20, 

28, 

36 

23.0 

Without the tip end of 
the tail 

5 

7 

18, 

20, 

30, 

31, 

37 

27.2 

Without half of the tail 

5 

7 

26, 

36, 

41, 

55, 

64 

44.0 

Without the whole of 
the tail 

5 

7 

82, 

107, 

156, 

160, 

161 

133.0 

Normal (unoperated) 

5 

14 

39, 

46, 

45, 

65, 

68 

62.4 

Without the nerve ring 

5 

14 

40, 

60, 

60, 

60, 

145 

69.0 

Without the tip end of ! 
the tail | 

5 

14 

75, 

80, 

110, 

130, 

160 

111.0 

Without the whole of 
trunk (only the tail) 

5 

3 

15, 

16, 

58, 

73, 

85 

49.2 


5 

6 

56, 

120, 

130, 

172, 

240 

143.6 
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of this negative geotropism the following experiments were undertaken. 

Normal (intact animals for control) and operated animals were 
embedded in the sand at depths of 3, 5, 7 and 14 cms., and the time 
(in minutes) of their emergence on the surface was measured. The 
part which first reappeared on the surface was always the tail region 
of the body. The isolated tail could reappear on the surface as well 
a& the operated animals. 

Table 8 indicates that (1) the negative geotropism of the tail 
is independent of the nerve ring, (2) the negative geotropism is 
localized in the tail region, (3) it is strongest in the tip end and 
decreases anteriorly along the tail, (4) the isolated tails behave just 
the same as the intact animals, (5) the time of emergence increases 
by increasing the depth imbedded, (6) this increase in time is more 
than the increase in depth and (7) this increase is especially marked 
in operated animals, most of all in the isolated tail. 

The reaction was accomplished mainly by the elongation of the 
tail, the trunk remained unchanged at the initial situation. The tail 
end reappeared on the surface ordinarily a few centimetres (1—3.5) 
forward from the point just above the initial situation or a few 
centimetres backward from the direction above mentioned (Fig. 3). 



Fig. 3. Negative geotropism of the tail, 
a: initial situation placed on the bottom, 
b: responded situation. 


The parts of the tail which first appeared on the surface were in 
most cases the end of the tail (the cloacal papilla or the cut^end), 
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in fewer cases, another part of the tail; the result of examination of 
17 isolated tails being: 

first appeared the tip end 10 cases 

„ the base 1 case 

and „ the part between both ends 6 cases. 

When any part except the tip end first reappeared the tail regained 
the ordinary posture by the normal postero-anteriorly directed rhythmic 
movements of both the longitudinal and the circular muscles (Fig. 4). 






Fig. 4. Negative gcotropism of the tail, 
a — c and a — d indicates the successive position of the tail. 


2. DISCUSSION. 

The responses of Caudina to gravitation are of three kinds, the 
positive gcotropism of the anterior trunk, the righting reaction (Yama- 
noijciu 1926), and the negative geotropism of the tail. The negative 
gcotropism of the tail is independent of the presence of the trunk. 
Although this animal has five pairs of statocysts filled with numerous 
granules close to the nerve ring (private communication of Mr. Kawa¬ 
moto), its true function is not known, owing to the difficulty of 
removing it. von Buddenbrock proved that the positive geotropism 
of Arenicola grubei disappeared by operation on its statocysts; he 
also reported many cases of positive getropism in sand-dwelling animals, 
Arenicola grubei , A. mariana , Synapta , Solen, Branchioma , Convoluta 
and Myxicola (Buddenbrock 1912, 1913); according to him all these 
animals possess statocysts. From his experiment on Arenicola it is 
clear that the statocyst is the receptor for gravitational force. But 
how can animals possessing only positive geotropism stay at a definite 
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depth ? In Caudina the natural posture is maintained by three com¬ 
ponents, and we certainly need not assume any unknown factor, such 
as Hamming des Einbohrreflexes (Buddenbrock 1913). The positive 
geotropism of Caudina may perhaps be due to the presence of 
statocysts as in many other sand dwelling animals. But in the tail 
region we cannot find any special receptor, so that the impulse from 
a statocyst is not a question in this case (the anatomy of Caudina 
arenata was investigated by Gerould 1896, C. chilensis by Kawamoto 
1927). The receptor of the righting reaction of an echinoderm is 
totally obscure as indicated by Wolf (1925). 

According to Olmsted (1917), Synaptula shows definite orientation 
to gravity, and the same is true of Cucuniaria (Lore 1918), but 
Thyone (Pearse 1908) and Holothuria (Crozier 1915 b) show no 
definite orientation to gravity. In the instance of Caudina , geotropism 
is the most important factor in the maintenance of its life, the positive 
geotropism being the essential factor for food-taking, and the negative 
geotropism for respiration. The last factor is especially important 
from an ecological viewpoint. As the dwelling place of Caudina is 
shallow sea bottom, the sand is frequently disturbed by storms, espe¬ 
cially at low tide. We find however, the tip end always normally 
pulsating on the surface of the sea bottom due to the negative 
geotropism of the tail. 

IV. CHEMICAL STIMULI. 

The reactions of invertebrate animals to chemical stimuli have 
been hitherto studied by many authors, but little attention is paid to 
quantitave studies, except by a few authors. It is also a most im¬ 
portant problem in animal physiology to call attention to individual 
differences. In this investigation these points are specially considered 
in the measurement of the reaction time, and of the* threshold value. 

1. METHOD. 

Animals to be studied were placed on a cloth in a glass jar as in 
the instance of mechanical stimulation. The part to be stimulated 
was exposed to the air and about half a c.cm. of the solution was 
carefully applied upon it by a glass pipette. After the stimulation 
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the whole body was immersed in sea water. The part once stimulated 
was avoided as principle in further stimulation, especially in the 
measurement of reaction time. In such a case as the determination 
of threshold values (tables .• 10, 12, 13 and 15), when the number of 
stimulations was increased, the same part was stimulated more than 
once. In the latter case the appearance of the body surface after 
the stimulation was noticed, and the stimulation was further accom¬ 
plished only when the part in question returned to the initial appear¬ 
ance after each stimulation. The intervals of the successive stimula¬ 
tions were about 3 minutes. Chemicals used were extra pure prepar¬ 
ations of Merck and Kahlbaum. Necessary caution was used for 
their purity. 

As distilled water brought about no reaction when locally applied, 
most of the reagents were dissolved in it, except chloroform, ether, 
and menthol, which were saturated in sea water. Any required con¬ 
centration was prepared before the experiment by dilution of the stock 
solution with distilled water. The reaction times and the threshold 
values for chemical stimuli were measured. As to the threshold value 
in this investigation, it signifies the smallest limit of concentration 
which called forth any definite response, however small its magnitude 
in the animal. The temperature of sea water changed from 22 to 
27*C during the investigation. But the change of temperature in each 
experiment was neglegibly small. 

2. REACTIONS OBTAINED. 

The entire body surface of the animal was receptive to chemical 
stimuli. Reaction was in most cases local contraction of the part 
stimulated. The part stimulated with alcohol or other narcotics as¬ 
sumed a different appearance from the ordinary cases (part f in this 
chapter). With an increases in concentration, the reaction time 
decreased, while the magnitude became larger and the responses occur¬ 
red in a wider range. If the stimulus was too strong, the local 
constriction spread in an anterior or posterior direction as a peristaltic 
wave, ordinarily in the former direction. In the anterior part of the 
trunk the complete retraction took place on stimulation. Generally 
the reaction was the most obvious in the middle portion of the trunk. 
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so in the following description it means that the middle part of the 
trunk was stimulated if not specially noted. 

a) Osmotic stimulus. Distilled water gave no reaction in any part 
of the body when locally applied; hypotonic sqa water solution was 
also non-effective, except in the case when it contained some stimulating 
ions. On the other hand, Caudina was neither very receptive for 
hypertonic sea water solution. The sea water concentrated to 2/3 of 
its original volume gave distinct local reaction. Glycerol above a 3 
molar solution had a stimulating action (Table 9). 


Table 9. 

Osmotic stimulation by the concentrated solution of glycerol. Temp. 23-24 l, C. 


No. of animal 

Threshold value 

Reaction time in sec. 


in M. 

7 M. 

10 M. 

3 

3 



4 

4 

3.7 

3.5 

6 

5 

4.3 

4.2 

6 

4 

5.1 

5.3 

7 

4 

4.3 

4.4 

8 

3 

6.2 

4.8 

9 

3 

3.9 

3.9 

10 

4 

4.1 

3.9 


Mean 

4.87 

4.29 


*M means a molar solution in this report. 


The stimulation by concentrated sea water at the concentration 
above mentioned is not merely osmotic but ionic. The last factor 
may be predominant, for the changes of ionic compositions by evapora¬ 
tion exert additional effect, as pointed out by Crozier (1915 b, p. 285). 
The stimulation of concentrated glycerol solution is osmotic as indicated 
by the reaction times. 

b) Salts. The limiting concentration of four alkaline chlorides is 
given in Table 10. The wide differences of the threshold concentra¬ 
tions among the four salts are due to the nature of the cations. At 
the concentration of 1.0 m, NaCl and LiCl do not stimulate osmotically, 
but as ionic stimuli, for glycerol acts as an osmotic stimulus above a 
3 molar solution. The order of stimulating effects of Ammonium and 
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Table 10. 

Four Chlorides. Threshold value in M. 


Body weight 
without sand, 
in grams 

NH,C1 

, i 

KC1 

NaCl 

LiCl 

38.10 

0.1 

0.1 

0..3 

— 

29.64 

0.1 

0.1 

0.6 

0.7 

48.62* 

0.01 

0.01 

0.4 

0.5 

32.68 

0.1 

0.1 

— 

— 

— 

0.1 

0.1 

— 

— 

— 

_ 

- 

1.0 

1.0 

— 

— 

_ 

0.7 

0.9 

36.94 

— 

— 

0.8 

1.0 

86.08 

— 

— 

1.0 

1.0 

Range 

0.01-0.1 

0.01-0.1 

0.4-1.0 

0.6-1.0 

Mean i 

0.1 

0.1 

0.77 

0.92 


*This animal is omitted from the mean. 

Potassium Chlorides was determined by the measurement of reaction 
times (Table 11). 


Table 1J. 

NH^Cl and KC1. Number of animals tested 12. 



Concentration 

Reaction times in sec. 


Kange 

Mean 

KC1 

0.3 m 

1.6-2.7 

1.04 

NIIjCl 

0.3 m 

1.6-2.7 

1.97 


The dissociation degrees of these salts at 18°C are: 



KC1 

NH<CI 

NaCl 

LiCl 

0.1 M 

0.861(1) 

0.861(1) 

— 

— 

0.3 m 

0.810(1) 

0.801(1) 

— 

— 

0.6 m 

— 


0.773(2) 

0.766(2) 

1.0 M 

— 

— 

0.746(3) 

0.736(3) 

(1) Calculated 

1 from the 

equivalent 

conductivities in 

Landolt-Bernstein’s 


Tabellen. 

(2) Cited from lewis’ System of physical Chemistry, Vol. I. 

(3) Calculated as ft), taking the viscosity of solution into consideration. 
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The difference between threshold values of KC1 and NaCl cannot 
be explained by the difference of the dissociation degrees. This is 
due to the specific action of the cations. From Tables 10, 11 and 
above table, the order of stimulating power of the four salts is in 
decreasing series as follows: 

KC1, NH 4 C1> NaCl > LiCl. 

Binary salts such as CaCl 2 , MgCl 2 and SrCI 2 in concentration of 
0.35 m and MgSOi in 1.0 m solution were not stimulating. While 
Ba01 2 was strongly stimulating; the threshold concentration obtained 
from 8 animals was within 0.02 and 0.1 M. 

Anions. As the Potassium salts were a good stimulant, five salts of 
Potassium were tested (Table 12). The dissociation degrees of these 

Table 12. 

Potassium salts. Threshold value in M. 


Body weight 1 
without sand 

k 2 so 4 

KBr 

KI 

KC1 

KNO, 

in grams | 






35.05 

0.1 (5) 

0.12(1) 

0.13(3) 

0.14(4) 

0.15(2) 

43.45 

0.1 (1) 

0.15(3) 

—. 

0.15(2) 

0.15(4) 

34.02 

0.08(2) 

0.13(4) 

— 

0.15(1) 

0.17(3) 

34.80 

0.08(2) 

0.12(1) 1 

— 

— 

— 

58.20 

0.07(1) 

0.11(3) 

0.13(4) 

0.11(2) 

— 

29.04 

| — 

0.11(4) 

0.11(3) 

0.11(2) 

0.15(1) 

32.58 | 

I 0.08(3) 

— 

0.11(1) 

0.11(2) 


32.87* 

! 

| 

— 

0.04(2) 

0.06(1) 

Mean 

0.085 

0.12 

0.12 

0.13 

0.10 


*This animal is omitted from the mean. 

Number in parenthesis is the order of stimulation. 


salts at 18°C (calculated from the equivalent conductivities in Landolt- 
Bernstein’s Tabellen) and their reciprocals arc as follows: 



i k 2 so 4 

KBr 

Kl 

KCI 

KNOj 

0.1 M 

0.715 

0.863 

0.869 

0.861 

0.828 

reciprocal X 0.112 

0.078* 

0.130 

0.129 

o.r;o 

0.135 


* The reciprocal number is divided by two. 

Comparing the mean values given in Table 12 with the above table, 
it is evident that the amount of the active ions is the important factor 
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for stimulation. It seems that the stimulating power of KNO, and 
K*S0 4 is less than that of the other three salts. The effect of anions 
was further compared in Sodium salts (Table 13). It is without 
doubt that the anions also play an important role in stimulation. 


Table 13. 

Sodium salts. Threshold value in M. Number of animals 
tested 7. Temp. 25-26"C. 


Salts 

Range 

Mean 

Formate 

0.6 m no reaction 


Acetate 

the same 


Sulphate 

the same 


Citrate 

0.15-0.3 

0.22 

HPO, 

0.16-0.26 

0.21 

Cl* 

© 

1 

© 

0.77 

quoted from Table 10. 

Table 14. 



Potassium Chloride. 


Body weight 
without sand, 

Threshold volue 
in M. 

Temperature 

°C. 

in grams 

48.62 

0.01 

25 

32.87 

0.04 

26 

— 

0.05 

26 

— 

(hi 

26 

35.01 

0.1 

22 

26.76 

0.1 


63.34 

0.1 

>t 

53.52 

0.1 

24 

— 

0.1 

23 

58.20 

0.11 

_ 

29.04 

0.11 

.— 

32.68 

0.11 

26 

35.05 

0.14 

__ 

37.38 

0.14 

_ 

43.46 

0.15 

-— 

34.62 

0.16 

— 

Mean 

0.10 
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In these and further experiments the animals tested were all adult 
individuals in their appearance and body weight. The differences in 
temperature were not very small, but this is not the chief cause of 
the individual differences as indicated by Table 14. If necessary 
caution is paid, and the investigator is well acquainted with the animal, 
the mean value is reliable as a basis for interpretation. The mean 
value shown in Table 14 is just same as that given in Table 10. 
When the animals tested were small in number, it was of course 
necessary to be careful in averaging the experimental results. 

c) Antagonism of ions . The phenomenon of antagonism of ions 
has been hitherto known in vast fields of biological phenomena, but 
studies on it in the physiology of the receptor organ are not abundant. 
In Caudina , calcium ions inhibited the stimulation of monovalent ions 
such as Na and NH 4 (Table 15), while in themselves unable to 
stimulate. In some individuals complete inhibition was not observed 
even by a high concentration of calcium ions (more than 5 in 100 
parts by volume). But even in such a case the magnitude of reaction 
was more reduced than in the case without calcium ions. In this 
instance, the antogonism was of course existing, and was simply in¬ 
complete. 


Table 15. 

Antagonism of ions. Minimum concentration (by volume) of Calcium 
Chloride that inhibits the stimulation of Natrium and 
Ammonium Chlorides. Temp. 25-26.5*0. 
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'the relations of Ca and Mg to the monovalent ions in antagonistic 
action are as follows (+ or — means respectively the ‘presence or 
absence of the antagonistic action). 

NH^Cl KC1 NaCI LiCl 

CaClj 

MgCl, ----- 

d) Acid and Alkali . Acid and alkali were very effective stimulants 
even in very diluted solutions (Tables 16 and 17). Individual 
differences were remarkable in strong acids. The limiting concentra¬ 
tions are roughly inversely proportional to the dissociation degrees, 
but the weaker acids or alkali are more effective than the stronger 
ones if the dissociation degrees are taken into consideration. 

Table 16. 

And. Threshold value in normal. 


Acid 

Number of animals 

Range 

Mean 

i 

Trichloroacetic 

7 ; 

0.0002-0.004 

! o.ooi 

Hydrochloric 

7 

0-0003-0.00.t6 

0.001 

Sulphuric 

G 

0.0004-0.002 

0.001 

Oxalic 

G 

0.004 -0.01 

0.0066 

Formic 

7 

0.006 -0.01 

0.008 

Acetic 

10 

0.01 -0.06 

0.03 

Hutylic 

9 

0.02 -0.06 

i i 

0.04 

Pm ric 

2 

1 0.006 

0.005 


Table 17. 

Alkali. Threshold value in normal. 



Number of animals 

Range i 

Mean 

NaOH 

G 

0.002-0.008 

0.006 

NII*OH 

6 

0.003-0.01 

0.008 


To ascertain this point, solutions of acids and alkalies each containing 
an equal quantity of hydrogen ions were prepared, such that 
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pH 

Standard 

Indicator 

9.4 

1.0 normal acetic acid 

Thymol-blue 

2.9 

0.1 n 

Brom-phenol*bluo 

11.8 

1.0 n ammonia 

Alizaringelb R 


(pH value* are cited from Michabijh 1922, p. 21). 


Table 18. 

Acid and alkali. Number of animals tested 7. Temp. 26-27'C. 


pH 

Acid or alkali 

Reaction time in sec. 

No-reaction 

cases 

Range 

Mean 


HC1 

4 .G- 6.3 

4.74 

I 2 

2.0 

HCOOH 

8.1-4.4 

2.75 

1 


CH s COOH 

2 . 7 - 4.4 

8.66 

1 


HC1 

2 . 8 - 4.8 

3.63 

I 1 

2.4 

HCOOH 

1 . 8 - 3.2 

2.38 

! 0 

. 

CHSCOOH 

1.8-2.8 

2.00 

1 0 

11 A 

NaOH 

3.0-6.8 

4.47 

1 

J A #0 

NH,OH 

1.2-2.3 

1.65 

0 


In acids or alkalies, with equal pH value, the fact that the weaker 
ones are more effective than the stronger ones is decidedly shown in 
reaction times, number of no reaction cases, and in the magnitude of 
reaction. 


Table 19. 

Alkaloid. 


Alkaloid 

Number of 
animals j 

Reaction 

Quinine Hydrochloride 

3 i 

0.001 -0.006 m reactive 

Strychnine Nitrate 

4 

• 

0.001 -0.01 M reactive 

Nicotine 

4 ; 

0,0001-0-001 M reactive 

Atropine Sulphate 

| 16 : 

0.02 M non-reactive 

Caffeine 

16 

the frame 

Cocaine Hydrochloride 

15 

the same 

Pilocarpine Hydrochloride ! 

w 

the same 

Morphine Sulphate 

5 , 

the same 
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e) Alkaloid. Among eight alkaloids tested, quinine, strychnine and 
nicotine were able to call forth local contraction. Nicotine was the 
most effective among the three (Table 19). 

f) Narcotics. Alcohols, ether and chloroform were applied. Body 
surface stimulated by these narcotics exhibited small constriction and 
numerous fine crinkles different from the distinct local contraction 
brought about by salts or other stimulants. Under phenol and men¬ 
thol, the reactions were more distinct than with other reagents. In 
the aliphatic alcohols the stimulating efficiency is almost doubled with 
one increase in CH*. The order of stimulating power is as follows 
(in decreasing series) : — 

mcnthol>phenol>butyl alc.>propyl alc.> 
ethyl ale.> methyl ale. 

Table 20. 

Narcotics. 



j Concentration i 

Number of ! 

rvrut 

null 


! in m. | 

animals 

Reactive 

l . j 

j not reactive 


| 10.0 

11 

7 

i 4 

Methyl alcohol 

7.6 

10 

j 4 

i c 

6.0 | 

14 

! 1 1 

: 13 

i 


io.o ! 

12 

11 

1 

Ethyl alcohol 

7.5 | 

10 

| 8 ! 

2 

5.0 

_ t 

14 

0 

8 


6.0 

i5 

14 

2 

Propyl alcohol 

_ i 

2.6 ' 

u 

9 

2 

1.0 i 

10 

I 4 

6 

Butyl alcohol 

0.4 ! 

1 

13 

6 

L -I 8 .. J. 

Phenol 

0.6 

2 

2 ! 

i —— 

Menthol * 

saturated 

4 

4 


Ether * 

saturated I 

16 

9 

! 6 

Chloroform * 

saturated ! 

14 

12 

! 2 

* Saturated 

in sea water. 





g) Sugar. Cane sugar in 1 molar solution and maltose in half 
molar solution were not effective. The same was true with saccharine 
in O.t molar solution. 

h) Effect of dilution. With dilution of the solution the magnitude 
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Table 21. 

Effort of dilution. Temp. 2l-25°C. 




Reaction time in sec. 

Number of 


Molar dilution 




Range 

Mean 

animals 


1 

1.3-1.6 

1.43 


KC1 

2 

5 

1.5-2.1 

1.9-3.9 

1,66 

2.53* 

10 


10 

2.1-4.4 

3.25*** 



1 10 

1.6-1.7 

1.68 


HCl 

i 20 

1.8-2.8 

1.98 


i 100 

2.6-3.5 

2.91 

/ 


1 200 

3.2 4.6 

3.88 



*With one no reaction ease. 
**With two no reaction rases. 


diminished and the reaction time increased. The deviation in reaction 
time also increased with dilution in either case. 

i) Part of the body. In mechanical stimulation the anterior trunk 
was the most receptive part of the body; it is also true in the case 
of chemical stimulation. From the tables 22 and 23, it is clear 


Table 22. 

Reaction time in seconds. Temp. 23-21 C. 


Part of the trunk 

1 KC1 0.4 m 

! HCl 0.026 N. 





stimulated 

Range 

Mean 

Range 

Mean 

Anterior 

1.8-2.6 

2.10 

1.4-4.4 

2.76 

1/3 from anterior 

1.8-3.2 

2.40 

1.6-5.8 

3.52* 

2/3 from anterior 

1.8-8.2 

2.38 

1.4-4.8 

3.30 

Posterior 

2.0-3.4 

2.60 

2.4-4.8 

3.62 

Number of apimals 

10 

10 


*The mean value became too high as the result of tv*o « \traordinarv reac¬ 
tion times, 5.4 and 5.8 seconds. 


that the reactiveness for chemical stimuli decreases in the following 
order: — 
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anterior part of trunk}>middle part of trunk>posterior 
part of trunk. 

The tail region was in so severe contraction that an accurate measur- 
ment of reaction time could not be accomplished with ease. 

j) Nerve ring . The animal whose nerve ring was removed by 
the amputation of the anterior end of the trunk reacted almost the 
sanr.c as before the amputation. 


Table 23. 

Reaction time in seconds. 0.025 N HO. 

A. Before the amputation of the anterior part of the trunk. 

B. After its amputation. 


A. with nerve ring 


B. without nerve ring 


Body weight 
without sand, 
in grams 

i_ _ 

anterior 

Trunk 

middle 


1.9 

2.5 

•— 

3.0 

2.6 


8.0 

3.0 

89.86 

2.7 

3.6 

34.22 | 

1 2.6 

3.1 

34.03 

2.8 

2.6 

48.31 

2.2 

2.7 

64.32 

3.9 

3.1 

46.09 

2.9 

3.3 

49.07 

2.4 

3.3 

Mean 

2.74 j 

2.98 


Trunk 

Temp 

°c 

anterior 

middle 

1 posterior 


2.1 

2.9 

j 2.4 

26 

3.6 

8.1 

1 3.4 

»* 

3.4 

3.6 

! 3.6 

99 

2.8 

3.6 

3.0 

24 

3.0 

3.3 

; 4.4 


3.8 

3.0 

3.3 

♦» 

2.3 

3.2 

! 3.0 


3.4 

3.4 

8.8 

i » 

8.2 

2.9 

1 8.1 J 

»» 

2.4 

3.1 

3.6 j 

»♦ 

2.99 

3.20 

! 3.42 1 



posterior 


2.1 

8.6 

3.7 
3.1 

2.8 

3.1 
2.9 
4.3 

3.2 
3.6 


8.23 


The differences in reaction time before and after the amputation 
i re (from Table 23.): —• 



anterior 

middle 

posterior 

before 

2.74 

2.98 

3.23 

after 

2.99 

8.20 

3.42 

difference 

0.25 

0.22 

0.19 seconds. 


The increase in reaction times after the amputation may be due 
to the shock effect of the amputation, for the increase is largest at 
the anterior part. It should be noted that the order of responsiveness 
in three parts remained unchanged. 

k) Age . The responsiveness to chemical stimuli changes with the 







NOTES ON THE BEHAVIOR OF THE HOLOTHURIAN 


101 


body weight of the animal (Table 24), highest in the animals of 
10-20 grams, and was in the following order: — 

10-20>0-10>20-30>30-50 grams. 

Table 24. 

The relation of the body weight and the reaction time for the 
chemical stimulus. Temp. 24.5-27 3 C. 


Body weight | 
without sand 
in grams j 

i 



Mean reaction 

time in sec. 


Number of 
animals 

i 

1 

0.2 M 

KCl | 

l 0.4m | 

UCl 

0.01 N 1 

0.02N 

C~10 

r & 

2.40 

'• 1.68 1 

13.48 ! 

1.78 

10-20 

i 6 

2.SO 

1.68 

2.40 j 

1.86 

20-30 

i 6 

2.32 

1.78 

2.70 1 

2.02 

30-60 

i 6 

2.94* 

i 1.70 

3.14** j 

1.98 


*With two non-reaction cases. 
**With one non-reaction case. 


3. DISCUSSION. 

The process of stimulation by high osmotic pressure is different 
from the case of other stimulants, for the reaction time is much 
longer, roughly corresponding to that of diluted acid or alkali (com¬ 
pare Table 9 with Tables 18 and 21), and is little affected by 
dilution. Caudina was not reactive to hypotonic solutions, including 
distilled water, and was reactive to hypertonic solutions which gave 
more than twice the depression of the freezing point of their environ¬ 
ment. According to Crozier (1915 b) Holothuria arc non-reactive 
both to hyper- and hypotonic solutions. Synaptula (Olmsted 1917), 
Ascidia (Hecht 1918 a) and Chiton (Arey and Crozier 1919) are 
reactive to both solutions. Crozier (1915 b, p. 281) is of the opinion 
that as H. surinamensis lives in the shallow sea the insensitivity is 
adapted to its environment. It is also true in the case of Caudina , 
as it lives in the shallow sea bottom. The reactions to substances 
giving a sweet sensation to the human taste are not the same among 
animals. In the next table the numbers represent the concentration 


102 


T. YAMANOUCHI 


of the solution in mols, and + or — means respectively reactive and 
non-reactive cases, 



Cane sugar 

j j 

Maltose 

Lactose 

Solvent i Author 

Holothuria 

I 2- 

0.1+ 


rain water ; Crozier '16 b 

Synaptula 

j 0.6+ ! 


I 

sea water | Olmsted '1 7 

Cauditm 

i- ; 

0.5— 


dist. water i 

Chiton 

1 0.33+ , 

1 

8 

© 

0.6+ 

sea water Arey & CROZ. '19 

Chromodoris 

! i- 

1- 

i I 

satur.— , 

dist. water Croz. & Arey '19 

Ascidia 

! 1- 



dist. water , Hkcht 08a 


In Synaptula , the stimulation seems to be osmotic, for glycerin gives 
the same effect (Olmsted 1917). According to Crozier, Holothuria 
also give response to 0.1 m glycerin, and Olmsted found that Synaptula 
is reactive to 0.005 m saccharine whereas it gives no reaction to sugar 
and glycerin. Caudina was non-reactive to these substances. On 
the whole, it is in rather rare cases that aquatic animals are found 
reactive to substances which taste sweet to human beings. 

The stimulation by neutral salts is chiefly dependent upon cations. 
The order of stimulating power of the chlorides to the chemo-receptors 
of many animals is given in the following table. The cations are 



Method 

Concentra¬ 
tion in M 

Order 

1 

Author 

Holothuria 

magnitude, 
react, time 

i 0.1 

j K>Na>Li>NH* 

Crozier '16 b 

1 

Synaptula 

limit, cone. 


K>NH 4 >Li 

• Olmsted '17 

Caudina 

limit, cone, 
react, time 


K, NH f >Na>U 


Ascidia 

limit, cone. 


K>NH4>Na 

. Hecht '18 a 

Chiton 

magnitude 

0.026 

K>NH 4 >Li>Na 

Arey & Crozier '19 

Chromodoris 

»» 

u 

K>NH 4 , Li>Na 

J Crozier & Arey '19 

Allolobophora 

react, time 

0,1-0.002 

Na>NH 4 >Li>K 

Park.& Metcalf'06 

Helodrilus 


j 0.02 

K>NH<>Na>Li 

*» 

Rana 

" 

i 0.6-3.0 

NH 4 >K>Na>Li 

Cole '10 

»» 

»» 

0.1-2.0 

K>Na 

Crozier '16 a 

»» 

»> 

1.0 

K>Na, Li i 

Grutznkr '94 

Homo 

intensity, 
react, time 

1.0 

K>Na>Li ! 

! 

- 
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arranged in the decreasing order of stimulating power. In the last 
two experiments of Grutzner stimulation was made by the direct 
application of chemicals to the nerve fibres. NH 4 and K are as a 
whole more effective than Na and Li. It is explained in part by 
the differences of the dissociation degrees. But the phenomena found 
in Holothuria, Chromodoris and Allolobophora are quite difficult to 
account for by this explanation. Whereas KC1 and NII 4 C1 have 
almost equal dissociation degrees, K is in most cases more stimulating 
than NH 4 5 and Li in some cases surpasses Na ; in Caudina, Helodrilus 
and Rana the orders are nearly coincident with the dissociation degrees; 
even in these animals K or Nil, is more active than Na, as the 
difference in dissociation degree requires. These points indicate the 
existence of the specific actions of the cations in the stimulation phe¬ 
nomena of the chemoreceptor. 

The stimulation of inorganic salts depends chiefly upon the nature 
of cations, but the anions play some part, especially in Na salts (Table 
13). More precise study on the effect of the anions will be shortly 
reconsidered. 

Among bivalent cations Ba was the only stimulant, while Ca, Mg 
and Sr were unable to stimulate. This and the stimulating action of 
HP0 4 and citrate ions (Table 13) are closely related with the 
observation of Loeb (1902) on frog muscle. The exception is the 
non-stimulation of formate in Caudina. In Allolobophora, Irwin 
states that tartrate and formate of K are more stimulating than the 
amount of the K ions. These facts indicate the fundamental similarity 
of the stimulation phenomena in the different animals. 

In Allolobophora (Parker & Metcalf '06) Ca has no antagonistic 
action against Na. Crozier (1915 a) found later that, in Rana, the 
stimulating actions of Na and K are diminished by Ca. While in 
Caudina, Ca has antagonistic action against Na and NH 4 but not 
against the allied ions K and Li. Non-stimutation of the sea water 
may be due to the antagonistic actions among the component ions, 
for the pure salt solution has sometimes a stimulating action, in such 
a concentration as in ordinary sea water. Okasaki and Koizumi 
(1927) reported that the sea water near Asamushi has the following 
composition (grams in 100 c.c.) 



104 T. YAMANOUCHI 

Na K Ca Mg 

1.1634 0.0867 0,0487 0.1873 

The ratio of Na to Ca (if both expressed by molar concentration) 
becoms 47:1. The stimulation of Na is inhibited by Ca at least 
within the ratio of Na:Ca=95:5 and 99:1 (Table 15). It is very 
probable that in a very irritable individual the stimulation of Na is 
antagonised by Ca in sea water. The stimulation by K ions in sea 
water is out of the question, for its concentration in sea water is only 
0.009 m. 

Acid and alkali are very efficient stimulants to almost all animals, 
including Homo. When the order of stimulation is determined by 
the limiting concentration or by the measurement of reaction time and 
the amplitude of reaction using equivalent normal solutions of various 
acids or alkalies, the stronger acid or alkali always excels the weaker 
one. This is merely due to the differences in the dissociation degrees. 
In Caudina, the order of stimulating power of acids and alkalies deter¬ 
mined by limiting concentration is as follows (Table 16): — 

trichloroacetic>hydrochloric>sulphuric>picric>oxalic]> 
formic^ acetic> butyl ic acid ; 

Sodium hydroxide^Ammonium hydroxide. 

If we compare the stimulating action with the solutions containing 
equal H ions by the measurement of the reaction time and the am¬ 
plitude of reaction, the weaker ones excel the stronger (Table 17): — 
at pH 2.9 and 2.4 acetic^> formichydrochloric acid ; 
pH 11.8 ammon ia Sodium hydroxide. 

Recently BakAth and VAndorfy (1926) observed the same effect in 
human taste. The limiting concentrations of various acids for the 
sensory stimulation found in Synaptula (Olmsted 1917), Ascidia 
(Hecht 1918 a), in Octopus (Giersberg 1926) show the same tendency. 
In Ascidia, Hecht (1918 a) found that the limiting concentrations of 
NaOH and NH 4 OH to be 0.01 N and 0.015 N which are closely related 
with the case in Caudina (see Table 17). Crozier (1916 b), Harvey 
(1920) and later BarAth and Vandorfy (1926) stated that in these 
cases the potentially ionizable hydrogen within undissociated acid 
molecules plays an important part. Among these acids and alkalies, 
the affinity to lipoid substance and the surface activity are considerably 
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different. The high stimulation power exhibited by formic and acetic 
acids, and also by ammonia (Table 18) is attributed to their surface 
activities in addition to the effect of potentially ionizable molecules. 
The effect of surface active substances is shown in Table 20. Crozier 
(1916 b, 1918) was the first who introduced the factor of penetration 
in the taste of acids, and recently Tayi.or (1927) explained the pene¬ 
tration of acid into living tissues. 

Of the alkaloids tested, they give to human taste a bitter sensation 
(Skramilk 1926. p. 492). In Caudina, only quinine, strychnine and 
nicotine were stimulating. The stimulation of alkaloids has been 
hitherto studied by many authors in various animals (Crozier 1915 b, 
Olmsted 1917, Hecht 1918 a, Crozier & Arey 1919, Akey and 
Crozier 1919, Giersberg 1926, and HarnstrOm 1926). In what 
way the reception of invertebrates for alkaloids is related with the 
bitter taste of human sensation, we know nothing; however it must 
be noted that in any case alkaloid was stimulating in a very low 
concentration. 

The order of stimulating effect of alcohols in Caudina is parallel 
to the well known series of narcotics (Hober 1926 p. 577); the 
limiting concentrations of alcohols for the human taste are 1.62 M for 
methyl, 0.45 m for ethyl, 0.16 M for propyl and 0.0? M for butyl alcohol 
respectively, according to Skramilk (1926, p. 190), which show the 
same tendency as in Caudina. Parker and Stabler (Parker 1922, 
p. 171) give the following threshold values of ethyl alcohol for human 
sensation, 5 to 10 M for irritant, 3 M for gustatory, and 0.000125 m 
for olfactory sensation respectively. In Caudina the threshold concen¬ 
tration of ethyl alcohol was about a 5 molar solution. Hence so far 
as the threshold values concerned, the reception of alcohol in Caudina 
seems to belong to the common chemical reception such as the stimul¬ 
ation of the frog’s foot by concentrated salt solutions (Cole, 1910). 

The most reactive part of the body for chemical stimuli is the 
anterior part of the trunk, as in mechanical stimulation. The change 
in the reactiveness to the chemical stimuli with the increase of body 
weight showed' an analogous tendency as observed in the burrowing 
velocity (Table 5). In Chiton, Arey and Crozier (1919) found that 
the reaction time of the shadow reflex becomes longer in the larger 
animal. In Caudina, the activity, became maximal in the animal of 
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10-20 grams without sand, and then gradually decreased, as in Chiton , 
with increase in body weight. 

In general, Caudina is reactive to wide ranges of chemical 'sub¬ 
stances dissolved in water, and is so susceptible as to be compatible 
with human sensation. Many facts are found parallel to those found 
in Homo and other both invertebrate and vertebrate animals, which 
phenomena indicate the fundamental similarity of the stimulating as 
well as the chemo-receptive mechanism in the animal in general. 

V. HEAT. 

1. LOCAL APPLICATION OF HEAT AND COLD. 

The reactions obtained from the middle trunk for the thermal 
stimulation are summarized as follows: — 


Table 25. 

Thermal stimulation. Temperature of sea water 22-25°C. 


Mode of stimulation 

Temperature 

°C 

Reactions 

; Number of 
animals 

Local application of hot | 
sea water 

66 

no reaction 

i 

i 

1 

| 

60 

weak local contraction 


i 

66 

the same 

i 

i 


70 

the same 


i 

i 

j 

75 

1 

] 

1 local contraction followed 
by the relaxation of both 

1 circular and longitud. mus- 
1 cles; servere contractions | 
occur on anterior and pos¬ 
terior edges of the relaxed 
part. 

4 

i 

80 

the same 


Approaching a heated glass 
rod j 




a. crossed to the body axis 

i 

. 

1 

| local contraction of the 
i circular muscles 

3 

b. parallel to the body axis j 

! 

..-.I 

local contraction along the 
rod; longitudinal muscles 
are little affected 


L-ocai application of ice i 
piece | 

no reaction 
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Crozier (1915 b) observed in Holothuria that local application of the 
sea water heated to 44, 55 and 75°C. gave no reaction, except in both 
ends of the body, and also that no constant effect was obtained by the 
heated glass rod held near to the body surface; according to Pearsk 
(1908) Thyone showed no reaction to cold and heated sea water; 
Synaptula (Olmsted 1917) and Chiton (Arky and Crozier 1919) showed 
strong reaction both to heated and cooled sea water. Caudina is moie 
receptive than Holothuria to thermal stimulation, but is less so than 
Synaptula and Chiton, especially in the response to cold substances. 

It is clear that marine animals are able to react to heat and cold 
with definite contraction of the muscles even though the responsiveness 
is of less degree than for the other stimuli. 


Table 26 . 

Immersion in hot or cold sea water. 
Initial temperature of sea water 22 -24"C\ 


Characteristic 

Sudden immersion 

| 

Gradually heated in 
j 17-36 minutes 

Disappearance of reaction to 
mechanical stimulus 


! 39V 

Beginning of relaxation 

j 35-60 

1 27.6-34 

Recovery from, when returned to 
sea water. 

: 3ft 

38 

Coagulation of the integument. 

66 

63-66 

i 

Number of animals 

14 

12 


i 

Sudden immersion 

Gradually cooled in 
30-76 minutes 

Disappearance of reaction to 
mechanical stimulus 



a) weak stimulus to the trunk 

6— 

, 6-9°C 

b) severe stimulus to the trunk 

not at 3 

, 1 

» .» to the tail* 

10 

9 

Hardening of the body 


! 14 

Recovery from 

3 

1 

Ix>west temp, examined 

3 

1 

Number of animals 

13 

7 


* Shortening of the tail disappeared at the temperature indicated. 
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2. ALTERNATING THE TEMPERATURE OF THE MEDIUM. 


When the temperature of the medium was raised suddenly or 
gradually, irregular constriction appeared on the body surface, and 
the whole body wall became relaxed and soft with no sign of muscle 
tonus, the body length remaining constant or slightly lengthened. 
Severe contraction of muscles as found by Crozier (1915 b) in Holo- 
thuria at the temperature of 38-41°C was not observed in Caudina. 
Olmsted (1917) found that in Synaptula the contraction occurred at 
40 and at 43°C, and that it was immediately followed by relaxation. 
The same was found in Caudina when it was stimulated hy local 
application of hot sea water (Table 25). 

Tao (1927) found that both longitudinal and circular muscles of 
Caudina maintain contractility against induction shock within 5 and 
40°C and that the heat rigor occurs at the following temperatures: 

beginning of shortening marked shortening 
Longitud. muscle 40 65-70 

Circular muscle 65-70 

Tegument 52-54 

The temperature of 52-54°C, where the tegument showed marked 
shortening, corresponds to the coagulation temperature in my observa¬ 
tion (53-55°C), where the outer surface became whitened. In Caudina 
the relaxation occurred at relatively low temperature (Synaptula at 
43°C), and in spite of Tao’s observation on isolated muscles, the body 
length remained without marked change above 39*C, and the total 
body became gradually hard at 53° and 55“C. 

The ranges of temperature for the maintenance of the response 
to the mechanical stimulation are: 


upper limit 

Thyone (Pearsk 1908) 40X 

Holothuna (Crozier 1915 b) 38-41 

Caudina 39 


lower limit 
-1.6‘C 
3 
1 


These animals had high resistance to the low temperature, but lost 
all their living characteristics at the temperature of 40°C. 
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VI. LIGHT. 

The animal was placed on the bottom of a glass jar and the 
reaction to photic stimuli was observed by illuminating or by making 
a shadow on the body surface. As a light source, a 100 watt tungsten 
lamp or the direct sunlight was used. Most of the heat rays were 
removed while the ray passed though the water layer of more than 
12 cms before reaching the animal. Moreover, Caudina was not very 
responsive to radiant heat and the reaction was also slow and indefinite, 
therefor it must be granted that the reaction of Caudina to the illumi¬ 
nation was induced only by light rays and not by unabsorbed remaining 
heat rays. 

Caudina gave no reaction to a sudden decrease in light intensity 
or to a shadow made on the body surface by interrupting the light 
with an obstacle. It was highly reactive to sudden illumination ; in 
the anterior part of the body both the tentacles and the anterior end 
retracted; in the posterior end the shortening of the tail took place; 
and in the middle portion of the trunk, if locally stimulated, contrac¬ 
tion occured in the part stimulated. The reaction was local if locally 
stimulated; by total illumination, simultaneous reaction in both ends 
of the body were noticed, but in the middle part of the trunk the 
reaction was difficult to observe. The reaction times to sudden 
illumination were measured under the direct sunlight. The outside of 
the glass jar was covered with black paper to shut out the diffused 
light, and the response of the animal was observed from a small hole 
in the black paper, made in the side of the jar. Stimulation was 
produced by suddenly taking off the screen and allowing sunlight to 
fall on the body until the occurence of the reaction. As soon as 
any response was induced, the screen was inserted, and then the next 
exposure was made (Table 27). 

In the study of the shadow reflex of Holothuria , Ckozier (1915 b. 
pp. 268, 269) found that the successive reaction times and the magnitude 
(retraction time) show a rhythmic character. The ^ame is true of 
the successive reactions of Caudina to sudden illumination. Such 
similarity indicates the occurrence of the analogous receptor process 
in the receptor organs of both animals. In Caudina the dark reaction 
(Hecht, 1919 p. 162) seems to be so rapid that after 20 or 30 repeated 
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Table 27. 

Successive reaction times to sudden illumination. 
Illuminations (by exposure to direct sunshine) 30 seconds apart. 
Experiments made in 1927. 


Part 

observed 


Anterior 

part 

of the trunk 


; Tip end of tht 

tail 

No. 

0) 

(2) ; 

(8) 

(4) 

(6) 

(6) 

1 (7) 

(8) 

(9) • 

Date 

Aug. 25. 

„ "fl. 1 

1 

" 

» 

Sep. 1. 

1 

Aur. 26. 

Sep. 1. ! 

„ 2. 

Time 

3 p. M. 

8.80 a.m.! 

1 


2 P. M. 

1 P. M. 


! 2 l\M. 

1 P. M. 

10 A. M. 

Temp.T 

26 

25 

25 

27 


| 

i 27 

i 


24 

1* 

1.4 

1.9 

1.1 

2.3 

1.6 

2.1 

| 1.6 

2.5 

2.1 

2 , 

1.3 

1.9 

1.1 

2.4 

1.6 

2.1 

1.6 

1.9 

2.1 

3 

1.2 

1.9 

1.1 

2.2 

1.7 

2.3 

1.6 

1.6 

2.2 

4 ! 

1.3 

2.5 

1.7 

2.1 

1.6 

2.2 

1.6 

1.9 

2.2 

5 

1.3 

2.1 

1.3 

2.1 

1.5 

1.9 

1.6 

2.5 

2.1 

6 

1.1 

1.9 

1.4 

1.8 

1.6 

2.3 

1.8 

2.1 

1.9 

7 

1.3 

1.9 

1.4 

1.9 

1.6 

1.0 

1.6 

2.7 

2.1 

8 

1.2 

1.0 

1.4 

2.1 

1.7 

2.1 

2.1 

2.8 

2.1 

9 

1.1 

2.1 

1.4 

2.8 

1.4 

;1,9 

i 2.3 

2.4 

1.8 

10 

1.6 

2.2 

1.1 

2.3 

1.6 

,2.1 

2.2 

1.9 

1.9 

11 

1.5 

1.0 

1.3 

2.1 

1.4 

2.1 

1 1.9 

2.6 

1.9 

12 . 

1.9 

1.0 

1.3 

1.6 

1.9 

2.6 

1.9 

2.3 

1.7 

13 

2.7 

1.9 

1.1 

2.4 

1.6 

2.9* 

1.4 

1.6 

1.9 

14 

2.2 

2.1 

1.3 

2.1 

1.8 

3.0} 

** 1.6 

2.1 

1.0 

15 

1.8 

o o 

A* • 44 

1.4 

2.1 

1.6 

2.81 

1.7 

2.6 

2.1 

16 

1.8 

1.9 

1.2 

2.1 

1.6 

2.5 

1.7 

2.1 

1 2.1 

17 : 

2.7 

2.2 

1.4 

1.8 

1.8 

2.6 

2.2 

! 2.1 

' 2.1 

18 

2.7 

2.5 

J .3 

2.1 

1.6 

2.5 

1.0 

2.5 

| 2.4 

19 

2.6 

2.2 

1.3 

2.1 

1.6 

2.0 

1.9 

! 2.3 

1.9 

20 

1.9 

2.6 

1.4 

2.3 

1.7 

2.8 

1.0 

1 2.3 

2.1 

21 


2.6 

1.7 







22 


O A 
* . Tt 

1.6 







23 


2.5 

1.6 







24 


2.5 

1.0 





i 


26 


2.4 

1.3 







26 


2.5 

1.8 


1 





27 


2.6 • 

1.3 







28 


2.7 

1.8 







29 


2.3 

1.4 







30 


2.6 

1.6 


( 






*1.30 indicate number of stimulus. 

**In these cases the intensity of the sunshine was diminished by clouds. 


stimulations the increase in the reaction times was very small. Shadow 
reflex is known in the animals living on the surface of the sea bottom ; 
in Holothuria (Crozier 1915 b), in Thyone (Pearse 1908), in Arbacia 
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(Uexkull 1900, Holmes 1912), in Chiton (Arey & Crozier 1919), in 
Chromodoris (CftoziER & Arey 1919) and in other animals (Loeb 
1918 p. 95, Buddenbrock 1921 p. 12). In these animals the shadow 
reflexes are of importance for the protection of the body against 
enemies. In Caudina such a reflex would be of no importance if it 
existed, as the animal lives totally in the sand. As a protection for 
the posterior end (the tail), the high reactiveness to mechanical stimuli 
seems to be of great importance. The reaction to sudden illumination 
is also found in various animals; in Holothuria (Crozier 19J5b), in 
Synaptula (Olmsted 1917), in Arbacia (Holmes 1912), in Chiton 
(Arey & Crozier 1919), in Chromodoris (Crozier & Arey 1919) 
and in Mya and Ciona (Hecht 1918 b. 1919). According to Pearsk 
(1908), Thyone did not react to sudden illumination at all. Among 
these animals, Holothuria , Synaptula , Thyone and Arbacia were 
negatively phototropic, and Holothuria , Arbacia and Chromodoris col¬ 
lected in the shade. Although the study of the phototropism of 
Caudina was impossible, owing to its inactivity in locomotion oul of 

the sand, the response to the photic stimulus was obviously that ol 

avoiding the stimulus. Hence it is natural to infer that light may be 
one of the factors of its life in the sand, as indicated by the relation 
between light and the behavior of Balanoglossus (Crozier 1917). 

The holothuria have in general a specific body coloration. To 
the contrary, Caudina has no marked body coloration; the body of 
a young animal is of an opalescent pink color, which is nothing but 
the color of the body fluid being seen through the thin body wall. 
In the natural state, all the animals showed like coloration due to 

the relaxation of all the body musculatures. In the state of tonic 

contraction, the body color of the older animals became light brownish- 
yellow owing to the thickening of the wall. The lack of bodily 
pigmentation in Caudina may perhaps be due to its life in the sand, 
almost shut out from light, as is seen in many cave animals. 

VII. SUMMARY. 

1. Caudina egests the ingested sand continually in intervals of 
from 1 to 11 minutes; the most frequent interval is 3.5 minutes. The 
time from the ingestion to the egestion is about 2 or 3 hours. 
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2. The animals dragged out of the sand burrow into it by the 
cooperative actions of the body muscles and the tentacles. The bur¬ 
rowing time is directly proportional to the trunk length. The burrow¬ 
ing velocity is not far different in any animals, and by successive 
trials it decreases gradually, especially in older animals. The most 
active ones are of the body weight 10-20 grams (without sand). 

3. Locomotion on a flat surface in the air is described. 

4. The entire body surface is very receptive to mechanical stimuli. 
The magnitude of reaction is in a decreasing order: anterior part of 
the trunk>tail>middle part of the trunk. Distant reaction is found 
in the anterior end of the trunk. On severe mechanical stimulation 
of one end, the opposite end remained unchanged. 

5. The body muscles lose tonus on adequate continual mechanical 
stimulation. In the sand the whole body is soft and elongated; out 
of the sand, as the result of the muscles falling in tonic contraction, 
the body length becomes markedly shortened, and the relative length 
of the trunk and the tail reverses. 

6. The natural posture in the sand is maintained by the negative 
geotropism of the tail, the Tightening reaction (maintaining the dorso- 
ventrality), and the positive geotropism of the trunk. The isolated 
tail shows strong geotropism. The tail of the imbedded animal 
reappears on the sand surface by its elongation. 

7. The entire body surface is reactive to wide ranges of chemical 
substances. Stimulations are made by local application of the solutions 
on the body surface. Caudina is not reactive to the hypotonic but 
reactive to the highly hypertonic solutions. The stimulating order 
for Chlorides is:— K, NH 4 >Na]>Li; for Na-salts:— HPCL, citrate 
>C1, SO*, acetate, formate. Of the four bivalent cations tested, only 
Ba ions are stimulating. Ca has antagonistic action against Na and 
NH<, but not against K and Li; while Mg is not antagonistic against 
these four ions. The stimulation of acids or alkalies is chiefly accom¬ 
plished by H or OH ions. With solutions containing equal H ions, 
the weaker acids or alkali excel the stronger ones in stimulating 
power. In eight alkaloids tested three are good stimulants even in 
a diluted solution. In alcohols, the aromatic alcohols are more effective 
than aliphatic; in four aliphatic alcohols, the stimulating effect is 
almost doubled, with one increase in CH>. Sugars and saccharine 
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are not effective. The magnitude of reaction diminishes and the reac¬ 
tion time and its deviation increase with the dilution of the solution. 

8. In chemical stimulation, the anterior part of the trunk is the 
most reactive. The reaction time increases only slightly by the am¬ 
putation of the anterior end of the trunk. The younger animals are 
more active than the older. The animals of 10-20 grams (without 
sand) are the most reactive. 

9. From the strongly stimulated spot (mechanically or chemically), 
sometimes peristaltic waves occur and propagate either anteriorly or, 
in fewer cases, posteriorly. 

10. Hot sea water above 60°C and radiant heat call forth local 
contraction; by water heated above 75°C the local contraction was 
followed by the relaxation of both muscles. No reaction is obtained 
by the local application of ice. Caudina reacts to mechanical stimuli 
within the temperature of 1-39’C; above 40'C it loses all living 
characteristics. 

11. The body becomes hard by rubbing the entire surface or by 
dropping the animal on the ground from a height of a few eras. 
This is also observed when the temperature of the water is lowered 
below 14 a C (the initial temperature of sea water was 22-24‘’C). 

12. Caudina shows no reaction to a sudden decrease in light 
intensity or to a shadow. To sudden illumination the animal responds 
with the contraction of the illuminated part. On repeated stimulation, 
the series of reaction times show a rythmic character; the increase in 
the reaction times is very gradual or almost neglegible. 

13. The behavior of Caudina is quite adaptive to its environment; 
many facts revealed by the experiments lead us to the consideration 
that there exist fundamentally similar processes in the phenomena of 
stimulation in general. 

Before leaving the subject, I wish to express my sincere thanks 
to Prof. Hatai, who suggested the problem, for his kind guidance 
and encouragement. I must also not forget the kindness shown me 
by Assist. Prof, Kokubo, and Assist. Kamada, who are members of 
the Asamushi Marine Biological Station. 
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Study of Euryale ferox Sausb. 

III. On the Form and Structure of Juvenile Leaves. 


By 

Yonosukk Ok ADA. 

(With Plates X-XI.) 

In my previous paper 0 . I reported on the developmental course 
of the leaves of the seedling of Euryale and gave a brief description 
of the external appearance of the juvenile leaves. (Lately I have 
learned that the fact was first noticed in this country by Dr. Makino. s> ). 
Since that time I have been engaged in the study of the plant and 
in particular with respect to the problem of the delayed germination 
of the seeds, of which phenomenon I hope to report in the future. 
Furthermore, in the late spring of this year, I had the opportunity 
to make some further observations on the development of the leaves 
from the seedling, and I have accordingly undertaken to give here 
a second report on the matter to substantiate the previous paper. 

The study was performed for the most part with the seeds collected 
at Zyunitydgata :l) , in the autumn of 1926 and 1927. The seeds were 
thenceforth kept submerged 0 . A number of these seeds germinated 
in the late spring of this year, and the observation in the present 
paper was carried on with them. A few of the samples from other 
sources, as Hukusimagala, Ohnuma, Tatenuma and Oguranoike, were 
also subjected to the study, and the observed data on them also are 
annexed at the close of the paper. 

^Okada, Y. 1925. On the germination of Euryale ferox Salisr. Hot. Mag. Tokyo* 
Vol. 39, pp. 133-111. 

Marino, T. 1891-97. Botanical notes from the author’s private cabinet, p. 2. 
(Text in Jap.) 

3) For this locality and others, see the previous paper: Okad \ Y 1928. Study of 
Euryale ferox Salisb. I., Sci. Hep., Tohoku Imp. IJniv., Sendai, Ser 1, Vol. 3, 
p. 272. 

■*)Detailed description on the condition of storage will be given in the future in 
connection with the problem of the delayed germination. Hence the abridgement 
here. 
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So much for the origin of the material. Let us now proceed to 
the discussion of the work proper. 

The types of leaves developing consecutively from the^j seed of 



Text-fig. A — D. Epidermal colls of the juvenile leaves. A. first leaf; B. 
second leaf; C. third leaf; D. fourth leaf. 
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Euryale follow, as a general rule, the normal order already described 
iti the previous report. This order may therefore be regarded as 
the regular type for the Zyunityogata-form. The consecutive leaves 
appear in this case in the following order; first, subulate, submersed; 
second, narrow hastate, submersed; third, broad hastate, submersed; 
fourth, fissi-cordate, floating (PL X, lig. 1). 

After the fourth leaf, the transformation proceeds rather gradually 
in contrast to the transformations seen in the preceding leaves, and 
further study beyond the fourth leaf was accordingly not undertaken. 

The distinction among the first four leaves is very remarkable not 
only in the external form of the leaf blade but also in the internal 
structure. Of these four leaves, the second and the third assume 
somewhat common characters, while the first and the fourth exhibit 
a distinct contrast. In the following, the remarkable points of dif¬ 
ference among these leaves are tabulated. 

Thus we can see that the distinctions are remarkable in diverse 


1 st. 


llnd. & Illrd. 

IVth. 

1. Submersed. 

'i 

Submersed. 

Floating. 

2. Length of leaf 
determinate. 

pre- 

Length of petiole predeter¬ 
minate. 

Length of petiole very plas¬ 
tic according to the water 
depth. 

2 . Lamina undifferentiat¬ 
ed from petiole. 1 

Lamina differentiated (has¬ 
tate) 

Lamina differentiated (flssi- 
cordate) 

4. Epidermal cell 
gated. 

elon- j 

Epidermal cell of the upper 
suiface tends to lie isodia- 
metncal, and larger than 
that of the fourth leaf. 

Epidermal cell of the upper 
surface isodiametrical. 

5. Stoma absent. 

! 

Stoma usually absent. 

Stomata abundant. 

6 . 


Lamina thin, translucent and 
flaccid. 

Lamina tough leathery, the 
upper surface relatively non- 
, wettable. 

7. Palisade tissue 
ferentiated. 

undif- 

Palisade tissue undifferentiat¬ 
ed. 

Palisade tissue well differen¬ 
tiated. 

8 . 


i Violet coloration of the 
lower surface accentuated. 

9. 


Tencile strength of the pet- 
( iole developed. 
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points. We will treat of these characters in the following paragraphs. 

1) Submersed or floating. It is self-evident that this distinction 
can be clearly discerned only when a sufficient depth of water is 
afforded. To take an extreme case, if we allow to the seedling 
water only one or two cm. deep, all the leaves must grow erect beyond 
the water surface and the distinction naturally disappears. Except 
in such abnormal cases, the first three leaves remain submersed while 
the fourth leaf comes to the water surface where the blade expands 
to its full size. The cause of this distinction we may find in the next 
section. 

2) Extract from the record of the measurement of the length of 
the petiole (in the case of the first leaf, the total length of the leaf 
was measured, as the differentiation of the lamina from the petiole 
does not take place), as well as the water depth applied is given in 
the table below. 


Length of the petiole (in cm.) 

Water depth 



1st. 

llnd. 

Illrd. 

IVth. 

j Vth. 

0 

8 

7 

9.5 j 

35 

! 31 

6 

0 

8.3 

8.3 

33 

J 35 

7 

— 

10 

16 

36 

I_^ 

7 

- 

11 

11 

37 


8 

10 

10.6 

12.5 

34 

! 28 

8 

11 

9.1 

12 

34 

1 

10 

6 

6.0 

10 ! 

S3 

, _ 

16 

■ 8 

5.8 

6.8 ! 

28 

_ 

29 

7.6 

5 

C.2 i 

39 | 

41 

29 

10 

6 

7.8 i 

39 

43 

80 

11 

8 

10 1 

94 j 



Of the values recorded in the table, some cases may be noticed 
in which the length of the leaves to be submersed nevertheless exceeds 
the depth of the water, a seemingly paradoxical phenomenon. In 
reality, those leaves grow upward not vertically but in an oblique 
direction, so that the lamina may remain always under water. 

We can learn from this table that the length of the first three 
leaves is rather uniform regardless of the depth of the water. The 
range of variation is narrow in comparison with the change in water 
depth. The length varies for the first leaf, from 6 to 11 cm., for the 
second, from 5 to 11 cm., and for the third from 6J2 to 12.5cm., 
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while the water depth changes from 6 to 80 cm. Quite different is 
the case with the fourth leaf, where, although the length of the 
petiole is not very variable (28-34 cm.) as far as a water depth of 

16 cm., it is able to elongate as long as 94 cm. when cultivated in 

80 cm. deep water. 

These facts show that the length of the petiole is predeterminate 
in the first three leaves, while it is quite plastic in the fourth. The 
latter petiole elongates always more or loss longer than the water 
depth applied and allows the leaf blade to float on the water surface. 

3) As for the form of the leaf blade, no additional remark is 

necessitated beyond the description in the previous report. In PI. 
X, fig. 1 are shown the general features of the consecutive leaves. 

Of these types of leaf form, the subulate appearance of the first leaf 

is of quite common occurrence among Nymphaeaceae'\ 

4) The epidermal cells of the first leaf are much elongated ull 
over the surface and are arranged in parallel with the axis of the 
leaf itself (text-fig. A), The same cells of the next two leaf blades 
tend to be isodiametrical and gradually reduced in size (Text-fig. B, C). 
The fourth leaf blade has the smallest epidermal cells of the four, 
and no shade of parallel arrangement can be discerned. Moreover, 
the sinuous appearance 10 of the suture line between the neighboring 
cells is quite accentuated (Text-fig. !)). 

5) Since the astomaticism of some aquatic plants was first noticed 
by BRONGNlAR’r 3> , the difference in the distribution of stomata between 
the aerial and submerged part of the plant body was studied by 

'>For Nymphaea spp„ Goebel, K. 1893. Pflanzcnbiol. Srhddcrungen, 2 Ted, 2 Lief., 
p. 303; Thicker, Wm. 1897. The water garden, New York (cit. Conako); Conard, 
H, S. 1905. The waterlilies, p. 109; Arhkr, A. 1920. Water plant, a study of 
aquatic angiosperms, pp. 35-36: for Castalia alba , Akber, A., 1920 1. c, p. 28: 
for Victoria regia , Gwynne-Vaughan, D. T., 1897. On some points in the mor¬ 
phology and anatomy of the Nymphaeaceae. Trans. Linn. Soe., I.ondon, Scr 2, 
Vol. 5. Pt. 7, pp. 287-299 (cit. Arbek). 

^Analogous case of contrast with respect to the sinuosity is noticed by Akbku 
(1920. 1, c„ p. 163) between the floating and submersed leau ^ of Callitriche verm . 

: >BRONGNlART, A. 1834. Nouvelles recherrhes sur la structure de l’epiderme. Ann. 
d. Sci. nat., 2 S4r. 1 . pp. 65-71. (cit. Goebel). 
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many authors 1 *. Thanks to the effort of these workers, many inter¬ 
esting data were found concerning the problem. In some cases, the 
presence or absence of the stomata is predetermined strictly by heredity, 
and the surrounding medium affects in no way their distribution. For 
example, Isoetes Malinvemiana , Is. Boryana , Is. tenuissima and Is. 
Perralderiana are reported by Goebel to have stomata regardless of 
their aquatic life, while, on the contrary, Isoetes lacustris and echino * 
sj)ora never produce stoma even when grown as land forms 2 *. On the 
other hand, in some plastic forms as Hippuris , Proserpinaca , Myrio- 
phyllum , Stratiotes and Utricularia , the presence or absence of the 
stomata on the leaf is correlated with its emergence or submergence 10 . 
Between these extreme cases, many transitional degrees 4 * of correlation 
of stomata formation and water are reported. For instance, some 
plants are reported to have more stomata on the aerial than on the 
submersed part (or more stomata in the land form than water form), 
and still others are noted to produce more stomata in shallow water 
than in deep water. Thus, although it seems inappropriate to establish 
a uniformity among these different cases, we can still conceive in 
many cases the tendency that the contact with free air favors the 
production of the stomata. 

As for the same problem with the Nymphaeaceae , the presence of 
the stomata on the aerial or the floating leaves (always on the upper 
surface only) is generally recognized. With the submersed leaves, 


U Goebel, K. 1893. 1. c., pp. 237-245; Porsiii, O. 1903. Zur Kenntnis des Spalt- 
ftffnungsapparates submerser Pfluiuentcile. SiUb. Akad. Wien, Mathem-naturw. 
Klasse, Vol. 112, Abt. 1, pp. 97 138; Solereder, H. 1913. Systematisch-anatom- 
isrhe Untcrsuchung des Blattes der Hydrocharitacecn. Beih. Bot. Zentrbl., Vol. 
30, Abt. 1, pp. 24-104; Arber, A. 1920. 1. c. 

2 ) Goebel, K. 1893. l.c., p. 241. 

Goebel, K. 1893. l.c., pp. 240-244; Poksch, (). 1903. l.c., p. 106; Cowles, H. 
C. 1911. Ecology, pp. 561-2. (in Coulter, Barnes and Cowles: Textbook of 
Botany). As for Hippuris , however, somewhat contradictory report is given 
that the stomata are formed, during the vigorously vegetating season, on the 
leaves of this plant when the leaf anlage is still submerged, c. f. Constantin, J. 
1886. £tude sur les feuilles des plantes aquatiques. Ann. d. Sci. nat., 7 S6r. 
Bot., T. 3, pp. 94-162. (cit. Arber). 

•UGoebel gives a detailed description of various cases, c.f. Goebel, K. 1893. l.c., 
pp. 240-244. 
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however, astomaticism is reported by Goebel 0 in Nuphar and Cabomba , 
and by Brand ?) in Nymphaea alba , while positive cases are observed 
by Conard ?) in Nymphaea spp. y by Arcan<;eli° in N alba , by 
Wachter' 0 in N spp. t and by Goebel' 0 in N. coerulea. It seems 
that the presence of stomata on the submersed leaves of Nymphaea 
is at least not absolutely excluded. 

So much for the problem in general. Now let us consider the 
same case with Euryale. As already stated above, the first three 
leaves from the seedling of Euryale are submersed and the fourth 
leaf becomes firstly the floating type. The distribution of stomata on 
these leaves is described below: — 

The first leaf is possessed of no stoma at all (number of observed 
samples being 15). Nor has the second leaf any as a general rule. 
Only one case of exception was observed out of 17 samples. This 
example was, however, one of an individual cultivated in shallow 
water (about 2 cm. deep) and the leaf had probably by chance been 
exposed to the free air. Whether there is any relation between the 
formation of the stomata and the exposure to the air was not experi¬ 
mentally determined in my study. The fact is that the number of 
stomata in the above example was very small, only some 30 being 
found all over the upper surface. 

As for the third leaf, in 5 samples out of 14, the presence of 
stomata was positively demonstrated. Of these five, four cases were 
observed with individuals in shallow water (2-6 cm. deep), and the 
chance of exposure to the air must be suspected of them. Even in 
these positive examples, the number of stomata was by far the smallei 
as compared with that on the fourth leaf. The actual numbers of 

O Goebel, K. 1893, 1. c., p. 242. 

2 > Brand, F. 1894. t)ber die drei Blattarten unserer Nymphaeaccae. Bot. Zentrbl., 
Vol. 57, pp. 168-171. 

:5) Conard, H.S. 1905. Tbe Waterlilies, p. 77. 

4 > Arcangeu, G. 1890. Sulle foglie delle piante acquatiche e spcciaimente sopra quelle 
della Nymphaea e del Nuphar . Nuovo Giorn. Bot It., Vol 1% pp. 411-146. (cit. 
Conard). 

r ^WACHTER, W. 1897. Boitrage zur Kenntniss einiger Wasserpflanzen. III. Uber 
die Abh&ngigkeit der Heterophyllie einiger Nymphaea arten von Kusscren Kinflus- 
sen. Flora, Vol. 84, pp. 343-348. 

Goebel, K. 1893. l.c., p. 242. 
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stomata on the third leaf were 3, 11, 2, and 22 per sq.mm, with the 
above four examples. With leaves absolutely kept from contact with 
the air, the stoma was generally found to be absent. This is, however, 
not absolutely always the case. In one case out of seven under such 
a condition, the presence of stomata was positively proved, though 
the actual number was exceedingly small (about 20 in total all over 
the surface). 

The fourth leaf never fails to produce the stomata. There is 
allowed no exception (number of observed samples being 20). More¬ 
over, they are very abundantly produced. Six examples of fully grown 
leaves were subjected to the actual counting. The number of stomata 
on these six were 221, 199, 220, 226, 216, and 218 per sq.mm, of 
the leaf surface each (These values concern the more central region 
of the leaf blade. The peripheral region yields somewhat lower 
values. With the same six samples as above, the numbers of stomata 
in the periphery of the lamina were 168, 183, 175, 196, 177, and 175. 
All these numerals represent the averages of four measurements each.). 

The dimension of the stoma is fairly uniform all over the surface 
except around the so-called astomatic region 0 near the insertion of 
the petiole, where specially large ones aie arranged. The major axis 
of the stoma is 29.95 /* (average of 20 measurements) long in the 
normal one and 47.1 ! l (average of 20 measurements) long in the 
larger one, so that the latter is some 50^ as larger as the former 
(The numerals concerning the density of stomata on the leaf surface 
given above relate to the area of the normal sized stomata.). 

The formation of stomata on the fourth leaf is commenced far 
before the appearance of the lamina on the water surface. Therefore, 
we can in this case at least prove positively the independence of the 
stoma formation from the contact with the free air. 

N. B. All the remarks on stomata concern solely the upper surface 
of the lamina. No stoma is observed on the lower surface at all. 

6) The upper surface of the fourth leaf is decidedly more coria¬ 
ceous than the others and cannot be easily moistened. This distinction 
i« probably due to the better development of the cuticle in the fourth 
leaf than the other three. 

uConard, H. S. 1905. 1. c., p. 65. 
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7) The fourth leaf is possessed of a markedly differentiated palisade 
layer on the upper side of the lamina, consisting of two or three 
layers of cells. The third and second have no such layers. Only 
the subepidermal layer of the upper side of these leaves may be 
distinguished with the presence of somewhat abundant chloroplasts. 
The first leaf has no differentiated lamina and still less of a palisade 
tissue 0 . 

8) The red coloration (probably the anthocyanin pigment) is found 
in any of the four in general. At any rate, the epidermal cells on 
the lower surface of the fourth leaf are decidedly rich in the same 
and assume a violet color. 

9) The petiole of the fourth leaf is quite resistant against traction, 
while the others submit themselves most easily to the stress. 

All these points show that the juvenile leaf of Euryale suffers 
a fundamental transformation during its course of development. 
Another fact to be noticed is that this order of transformation is of 
quite a fixed character. It is followed quite faithfully so far as the 
Zyunityogata-form of Euryale is concerned, so that we may for brevity 
denominate this type of developmental course as the Z-type. It was, 
however, sometimes observed that the last of the submersed leaves 
was omitted from the course of development, that is to say, the third 
leaf of the seedling appears as a floating leaf, with well developed 
stomata and palisade tissue and having its petiole decidedly elongated 
(The number of stomata were counted with three individuals of this 
type, the results being 237, 210 and 167 per sq. mm. for the central 
part of the lamina and 242, 192, and 129 per sq. mm. for the peri¬ 
phery.). Out of 74 examples studied this spring, 68 {§2%) belong to 
the normal Z-type, only the remaining 6 representing exceptions. 

As for the individuals from other localities, of which the general 
tendency is found to coincide with the Zyunityogata-form, brief remarks 
will be given below. 

15 examples of Hukusimagata-plants were studied. All of them 
had their third leaves floating on the water surface. No exception was 
observed, and this type of development seems therefore characteristic 

UThe difference in the development of the palisade tissue between submersed and 

aerial leaves is often observed. Goebel, 1893. 1. c., p. 246; Wachter, W. 1897. 

l.c., p. 343; Soleheder, H. 1913. 1. c., p. 34. 
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of them. Wc may denominate it as the H-type (PI. XI). 

Of the plants from Ohnuma and Tatenuma, 12 and 8 examples 
were examined respectively, all of which were proved to assume the 
Z-type. 

Lastly, 4 examples of Oguranoike-plants gave 2 of Z-type and 2 
of H-type. Owing to the shortage in the material, no definite result 
could be attained in this last case. 

In conclusion, the writer wishes to express his indebtedness to the 
Department of Education for the subsidy to promote the natural 
sciences, with which the cost of the present study was partly defrayed. 

EXPLANATION OF THE PLATES. 

PLATE X. 

Seedling of the Zyfinity6gatu-plant. Z-type, the third leaf is of submersed 
type (The numerals indicate the order of the consecutive leaves in the 
developmental course.). Water depth 16cm. 

The same. H-type, the thiid leuf is of floating t\pe, having its petiole 
much elongated. Water depth 16 cm. 

PLATE XL 

Fig. 1, Seedling of the Hiihusimagata-plant. H-type, the third leaf is of floating 
type. Water depth 16 cm. 

Fig. 2. The same. The third leaf is of floating type. The distinction between 
the petioles of 2nd and 3rd leaves are quite in contrast. The first leaf 
has degenerated away in this example. 


Fig. 1. 

Fig. 2. 


ERRATUM. 

In my first report in this periodical, Vol. .'1, no. 3, fasc. 1, p. 272, line 3, 
for Mao read Mo-o. 
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Y. Okada: Euryale ferox Sausb. 






Notes on the Germination of the Spores of some 
Pteridophytes with Special Regard 
to their Viability. 

By 

Yonosukk Okada. 

Introduction. 

So far as the morphological point of view is concerned, the fern 
spore is an entirely different body from the seed of a phanerogam. 
As for the biological significance of the two, however, they have much 
in common, since they both have to fulfill their function as a dis- 
seminule; hence their frequent juxtaposition in noted textbooks on 
plant ecology (Clements, 1907, pp. 241-2; Cowles, 1911, p. 805; 
Tansley, 1923, p. 18.). They resemble each other, indeed, in many 
points, e. g. in resistance against extreme conditions, retaining of via¬ 
bility over a long period, recovci'y of activity or germination in case 
of favprable conditions, and so on. We know that seeds have much 
to do with human life; they are of the utmost significance not only 
in agri-, horti-, or sylviculture but also in industry. It is therefore 
easily comprehensible why hundreds of workers have devoted them¬ 
selves to the study of the seed, from divers directions. Thus the 
question of the viability of the seed has been treated by many authors, 
and results of elaborate sludie-> are to be found, for instance, in the 
work by Guppy (1912). The question of the conservation of viability 
has also been much discussed. 

On the other hand, studies on the physiology of fern or moss 
spores, if not actually rare, are not at all to be compared in number 
with those on seeds. The question of the longevity of spores seems 
in particular not to be favored, and we can find only occasional 
mention of this point in literature”. Much less treated even is the 

•Mn the paper by Hartt (1925, pp. 430-431), concerning literatures are to be 
found and therefore no revision may he necessary here. 
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decline of viability, which phenomenon is the general rule for fern 
spores. They are destined to exhibit the highest germination capability 
at the time of being shed from the mother sporangia, and later, as 
the days go on, they are sure to suffer more or less rapidly from the 
decrement in vitality. In extremely rare cases, attainment of full 
germination capacity after a lapse of time following the liberation 
from the sporangia is observed; for instance, Life (1907) reports of 
dormancy in the spores of Alsophila , and in the textbook of Ecology 
by Cowles (1911, p. 932) it is described that the spores of Lyco¬ 
podium display a dormant period. Now, considering our meager 
knowledge of this subject, it may be worth while to pursue the problem 
further. In particular, such question as the influence of the condition 
of storage on longevity may not be of minor significance from the 
viewpoint of general biology. 

The fern spores, being of a unicellular structure, have excessively 
minute size and offer no convenience for manipulation in the procedure 
of experiment. But, on the other hand, the same circumstances allow 
us to study the effect of external factors directly influencing them. 
Moreover, the fact that we are able to experiment with a sufficiently 
large number of individuals in a comparatively small space is quite a 
favorable condition for finding out the average features under controlled 
millieu. For these reasons the writer has undertaken the study of 
the present problem. 

An experiment was first made to obtain the general features 
concerning the relation between the environmental factors and germi¬ 
nation of the spore. As the factors of importance influencing the 
germination, were considered to be temperature, illumination, culture 
medium, and oxygen supply, each of their effects were studied. 
Secondly, making use of the knowledge thus obtained, it was endeav¬ 
oured to obtain a combination of the most favorable conditions for 
germination, and under such a standardized condition, the studies on 
the germination capability were carried on with the spore materials 
kept in various storage conditions. The decrement in the germination 
capability due to age was traced until the per cent of germination 
was reduced to nil, which point was assigned to be the limit of the 
life. Thus the difference in the span of life among different species 
and by different methods of storage was established. Finally, some 
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of the properties of spores were brought under experiment, to study 
if there existed any correlation between them and the viability of the 
spore. 

The present study, which was carried on with these problems just 
described in view, was first undertaken, when I was in the Botanical 
Institute, Tokyo Imperial University, under the guidance of Prof. 
Dr. Miyoshi, to whom I wish to express gratitude for his valuable 
suggestions. After my removal to Sendai, the study was continued 
there. My thanks are due to the members of the Institute, with whose 
encouragement and aid the study has proceeded. 

Materials of the study. 


The materials of the present study are the spores of the six species 


Species | 

Date | 

locality 

Lot 

I. Equisetum arvense L. 

26/1V 1926 | 

Tunagi near Sendai. 

No. 6 

(***) ! 

i 

10/IV 1926 


No. 6 a 


18/1V 1920 

.. 

No. 6 b 


25/1V 1926 


No. 6 c 

»* 

2/V 1926 


No. 6 d 

if 

17/1V 1927 

>» 

No. 7 

II. Osmunda japonica 

7/VI 1926 

Mt. Idumigatako near Sendai. 

No. 6 

Thunb. f ) 

2/V 1926 

Kame-ga-mori near Sendai. 

No. 6 a 

„ 

I6/V 1926 

Gongen-no-mori near Sendai. 

No. 6 b 


18/V 1927 

ft 

No. 7 

III. Osmunda cinnamomea L. 

7/VI 1926 

Mt. Idumigatake near Sendai. 

No. 6 

” i 

28/V 1926 


No. 6 

tt 

22/V 1927 

.. 

No. 7 

IV. Dryopterts viridescens O. 

16/111 1926 

i Dusi, Kanagawa Prefecture. 

No. 6 

Kuntze.( 9,^ vv V) ^ 

28/111 1926 

Ohmori near Sendai. 

No. 6 

tf 

9/111 1928 

Dusi, Kanagawa Prefecture. 

No. 8 

V. Matteuccia struthiopteris 

4/III 1925 

Rot. Gardens, Koisikawa, 

No. 6 

(L.) Todaro.( it y T y) 


Tokyo. 


VI. Woodwardia arientalis ! 

15/III 1926 

Dusi, Kanagawa Prefecture. 

No. 6 

Swartz. ( =* * + v r) • 




a 

9/III 1928 


No. 8 
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of pteridophytes, of which the localities and date3 of collection are 
tabulated on the preceding page. 

Of these six species, 1, II, III and V possess specialized sporangia- 
bcaring fronds. In their natural habitat in the fields were collected 
those fronds of which the sporangia were quite mature and the spores 
ready to be shed off even with a slight touch of the hand. Those 
sporophylls were packed in small paraffin paper sacks and brought to 
the laboratory, where they were spread over paraffin paper sheets on 
a bench for one or two days. In the meantime the spores were sure 
to be shed freely from the fully ripe sporangia, and only these freely 
liberated spores were collected for the purpose of experimental study, 
all the rest remaining in the sporangia being discarded. 

The collected mass of the spores was naturally not quite pure, 
but was mixed with such impurities as fragments of sporangia, trichoms 
etc. Sifting several times through a 0.04 mm. mesh and then blowing 
off the trifling impurities which still remained with a gentle air current 
from a blast pump, were quite effective as a method of purification, 
even though not a small portion of the available materials were also 
lost in the process of the treatment. As we will see in a later chapter, 
since the viability of spores decreases rather rapidly under ordinary 
laboratory conditions, the collected materials were presently put into 
an ice chamber, except in experiments for special purposes, either in 
dry condition or not, according to the specific keeping properties of 
the species. 

The other two species, viz., Woodwardia and Dryopteris have no 
specialized sporophyll, so that we had to collect a large quantity of 
material to start with. The same process of purification was applied 
as in the case of the other four, and equally satisfactory results were 
attained, except that quite a large quantity of the original raw 
materials was necessary. 


Methods. 

In the present study, miniature Petri dishes (4 cm. wide and 1cm. 
deep) were employed invariably as germinator vessels for the spore. 
In these small dishes was put the culture medium, which consists of 
0.19$ Khop*s solution added with 1% agar-agar. For the most part 
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of study, this medium was dinged to, except in the experiment 
concerning thq effect of the substratum and in such cases as are 
provided with special remarks. Before sowing the spores, the germi- 
nator vessels with culture media in were autoclaved, though the 
procedure was not valid enough to suppress the microbial infection 
perfectly, as we are not capable of obtaining the spore material in 
•absolutely germ free condition. An absolutely aseptic culture in the 
physiological study of the fern spore seems not to have been hitherto 
established, mainly due to the difficulties in sterilizing the spore' 
material. (On this point, care of Krebs, 191(5, p. 13; Stephan, 1928, 
p. 386.). Application of Potassium-permanganate to sporangia (Lang, 
1898; Twiss, 1910, p. 170; Rogers, 1923, p. 76.) was not applicable 
as I resorted solely to those spores which are shed freely from the 
sporangia. Yet, the autoclaved substratum yielded much better results 
and the procedure was maintained throughout the study. Though the 
microbial contamination was not absolutely excluded, yet the substratum 
suffered only a little from them mainly due to the lack of available 
organic matter in the medium, especially when the spores are afresh 
and of vigour. After the spores are reduced of their vitality in later 
days, heavy infection sometimes failed in and we were compelled to 
discard the culture in such cases. 

The spores were taken out from the storage receptacle by means 
of sterilized platinum needle, and with a light shock of hand applied 
to the needle we can obtain quite a uniform distribution of spores 
over the substratum. The course of germination was studied under 
microscope from time to time, usually with the combination of Zeiss 
aaxl, or sometimes with AAx l when detailed observation was 
necessary. The appearance of the first cell division of the spore was 
adopted as the criterion for the germination capability 0 . In general, 
the germination of the fern spores studied was found to he carried 
on quite rapidly, so long as they were fresh, and those which had 
initiated the first division did not fail to produce the prothallium in 
due time, provided under proper conditions. Old spores, however, 

HOther criteria, however, may be adopted as well. Thus, for instance, I.aaok 
(1907, p. 79) accounted those spores with the exine ruptured as capable of 
germination, and Stephan (1928, p. 387j estimated the first definite appearance 
of the rhizoid and the green cell also as such. 
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owing to the decrease of vitality during the storage, are sometimes 
devoid of sufficient germination energy to perform the normal develop¬ 
ment and remain inactive after the first division has been completed. 
Since the further development was not specially regarded in our study, 
all those indicating the first cell division were reckoned as equally 
vital, regardless of the fate of the prothallia. Counting was made 
with two or three hundred spores and the number of the germinated 
spores was expressed in per cent (so-called “ Zahlmethode ” by Laage, 
1907, p. 110). 

These are the general features of the methods in the present 
work. Specified procedure will he given later in each separate section. 

I. On the external conditions. 

CULTURE MEDIUM. 

In studying the development of fern prothallia from spores, so far 
as it concerns only the morphological point of view, any substance 
available, such as bricks, garden turf, etc. may be employed as a 
medium on which to sow the spores. In the present study, however, 
as the per cent germination is taken into account for judging the 
viability of the spore, counting under the microscope is imperative, 
and accordingly a transparent substratum is by far preferable. For 
this purpose, two kinds of culture media were compared, viz., a liquid 
nutritive medium and the same stabilized with agar-agar. To deter¬ 
mine which of the two, the liquid or solid medium, was more favor¬ 
able for the germination of the spore, the following experiments were 
undertaken. As it was learned by preliminary study that Knop’s 
nutritive solution of 0.1% or thereabout is quite favorable for the 
germination of the spore, this liquid medium and the same medium 
solidified with \% agar-agar were compared. Along with this study, 
the germination in pure water was tested as well. The results are 
compiled in the Tables I and II annexed at the end of the paper. 

Table I. This set of experiments concerns the following three 
species, Dryopteris , Woodivardia , and Matteuccia. The table indicates 
that the addition of agar-agar proves slightly unfavorable for the 
germination of the first two species and a little more so for the last. 
For the later development of the germling, however, the effect is 
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reversed, and the prothallia on a solid medium displayed more rapid 
growth than in a liquid medium. For instance, the first longitudinal 
division of the prothallial cell was noticed on the ninth day on the 
solid medium for all the three species, while those on the liquid 
medium showed no such division on that day. In water, germination 
of the spore was not observable even after a lapse of 60 days. 

Table II. The general tendency is the same as that of the pre¬ 
ceding experiment. The culture medium 1 is always the most favor¬ 
able for fhe spore germination. As for the ultimate per cent ger¬ 
mination, the addition of agar-agar seems to be of little or no conse¬ 
quence in this case. The fact that a different result was observed 
in the preceding experiment with Matteuccia may be due to the in¬ 
sufficient time of observation, and if the counting had been carried 
on further, the values in the I and II culture media would approxi¬ 
mately be the same. The difference in the further development was 
not studied here. With respect to the germination in pure water, a 
positive result was obtained here, in contrast to the foregoing experi¬ 
ment. Evidently there must exist certain specific difference in the 
germination capability in pure water. Laage (1907, p. 101) reports 
that Pteris aquilina , Aspidium filix mas , Polypodium dryoptcris , 
Asplenium lucidum and Polypodium aureum are capable of germination 
even in the conductivity water, while the reverse is true with Aspidium 
aculeatum and Asp. spinulosum . Further examples of fern spores 
capable of germination in pure water are given by Wuist (1910, p. 
218) with Onoclea struthiopteris , and by Rogers (1923, p. 75) with 
Lygodium palmatum. The first three species of my study seem to 
belong, to the latter category of Laage. As for the Osrnundaceae 
spores, their germination capability in pure water is recognized also 
by Laage (1907, p. 79). 

Thus the above two experiments coincide in that the Knot’s 
solution is the best of the three media tested for the spore germination, 
and furthermore, it is self-evident that for the purpose of investigating 
the effects of other factors, it is highly preferable to choose the best 
condition of medium. On the other hand, however, the instability of 
the liquid medium makes the focusing of the microscope very difficult, 
a serious drawback in the procedure of counting under microscope. 
To get over this difficulty quartz sand impregnated with Knop’s 
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solution was tested, but to no better purpose, for the unevenness of 
the surface makes the focusing equally difficult. For these reasons 
the II medium was adopted as the most convenient one for the purpose 
of the present study, and in the later experiments, this medium alone 
was resorted to for starting the fern spores, except, in the case of 
special mention. 


TEMPERATURE. 

To study the effect of temperature, which is one of the most 
radical factors of the vital phenomenon as well, is highly important 
with regard to the act of germination. But, in contrast to the case 
of the phanerogamic seeds, to which innumerable studies are devoted 
concerning the matter, rather little attention is paid to the fern spore, 
probably because of the less practical importance of the latter; and 
we can find only little mention of it in the literature on fern spore 
physiology (Perrin, 1908; Klehs, 1916, pp. 49-50, 69-71; Hartt, 
1925, pp. 433-436). 

As it was desirous to get some idea concerning the matter, some 
experiments were undertaken, of which brief mention is given below. 

The following five species were studied: Equisetum arvense , 
Osmunda japonica , Osm. cinnamomea , Dryopteris viridescens, and 
Woodwardia orientalis . 

Of these five species, the spores were prepared after the procedure 
described above, and were sown on the standard medium in the 
standard germinator, kept at various temperatures, and the rate of 
their germination was counted under the microscope. For the source 
of illumination, natural diffused light from the window facing northward 
was adopted and the germinators were arranged in row, equally distant 
(60 cm.) from the window. Except in the experiment of 1928, the 
use of more than two thermostats at the same time w r as not afforded, 
so that we cannot make combinations of but two different temperatures 
each time, viz., 15°-20°, 20°-25 f , 25°-30°, etc., subsequently to compare 
their, effects all together. Since the intensity of the natural light 
employed in the course of the study is quite variable according to 
the weather, the light conditions were far from identical in different 
sets of experiments. Moreover, as time goes on, the spores suffer 
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more or less decrement in their vital activity. Mainly from these two 
causes, the rate of germination does not coincide in different sets of 
experiments, even if a spore in the same lot and at the same degree 
of temperature was employed. Therefore the combination of the 
results of each set of experiments in one common table, which would 
be of great convenience if possible, was not practicable. Comparing 
the experiments set by set, however, we can still get some idea of 
the effects of different temperatures. Later, the experiments with 
Woodwardia and Polystichum were conducted at six different tempera¬ 
tures under the same light condition at the same time. Hence the 
more simplified results concerning these latter two species. In the 
Tables III-VII at the end of the paper are shown the experimental 
results, and the graphical representations are plotted on pp. 135-140. 

Equisetum arvense. As will be referred to later, the rate of 
reduction in viability is exceedingly rapid for this species as compared 
with others. Spores only one week old show so remarkable a reduction 
in germination capability if sown in an equally favorable condition, 
that comparison of such results is almost meaningless. Hence the 
invalidity of the same lot for experiments of different dates. For 
this reason, in the experiment with Equisetum , different lots were used 
in each set of experiments, freshly collected each time from the same 
locality. Still the results thus obtained may indicate the general 
features of the temperature effect. From Table III (and Fig. 1) we 
know that: 1. Germination can take place up to 35°. At 40° the 
spores are incapable of germination and turn a brownish colour in a 
few days, and this point seems to be supramaximal for germination. 
2. From room temperature (13°-17°) to about 30°, there was noticed 
no remarkable difference among the experiments at different grades 
of temperature, so far as it concerns the ultimate germination per cent. 
If we take into account the daily progress of germination, however, 
we can discern the optimal effect at about 25°-30°. 3. As to the 
minimal temperature, we were unable to determine it, due to the 
difficulty of obtaining a constant low temperature, combined with the 
extremely short life of the spore. Osmunda japonica (Table IV and 

Figs. 1-5. Effect of temperature on the germination of the fern spore. (The 

abscissae denote the duration of the experiment in days and the ordinates the 

per cent of germination.) 
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Fig. 3. Osmunda cinnamamca. 
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Fig. 2). The optimal temperature for germination is about 25°-30°. 
Departure from this point, towards both higher and lower temperature, 
resulted in reducing the rate of germination. The maximal and 
minimal limit for germination is to be reached at a little lower than 
40* and a little higher than 10° respectively. (As we cannot succeed 
in obtaining a constant low temperature in summer, the experiment 
to determine the minimal point was conducted in winter, when the 
age of the spores was more advanced, and their vitality accordingly 
suffered some decrement. Whether this minimal point holds good 
also for freshly collected spores cannot be said definitely at present.). 

Osmunda cinnamomea (Table V and Fig. 3). For this specie* the 
general features are almost identical with the preceding, the optimum 
being about 25°, subminimum 10°, and supramaximum 40°. 

Dryopteris viridescens (Table VI and Fig. 4). For this species 
and the next, experiments were carried on at six different degrees of 
temperature under equal light conditions at the same time. Of the 


Fig. 4. Dryopteris viridescens. 



three cardinal points of germination, the maximum lies at about 40’, 
optimum at about 25*, minimum at lower than 10*. At 10’, we can 
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still get some spores germinated, though the rate is quite low, so 
that this point lies still within the limit of the critical point, or supra- 
minimal. The real minimum point was not determined. 

Woodwardia orientalis. As stated above, a parallel experiment to 
the preceding was carried on for this species. The results are shown 
in Table VII and Fig. 5, from which we can recognize the optimum 


Fig. 5. Woodwardia ortcntalis . 



at 25"-30°, the maximum at about 40°, and the minimum at about 10°. 

The experimental results with the five species studied in the present 
section will be briefly summarized here. Different as was the behavior 
in detail, yet the general tendencies are not of fundamental difference 
among all of these species. With all of the species studied, the 
optimal point for germination lies at 25° or thereabout. According 
to former workers, the optimal temperature for germination for most 
species of pteridophytes is found to be at about 25°, although slight 
deviations are naturally to be expected. (Klebs 1916, pp. 49-50, 09- 
71; Hartt, 1925, pp. 434-5). 
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ILLUMINATION. 

The remarkable effect of light on the spore germination as well 
as on the prothallium formation may be regarded as one of the most 
interesting and intricate subjects of study in the field of fern spore 
physiology, and a number of researches have been devoted to this 
problem up to this date. Thus, the papers by Borodin (1868), 
Heald (1898), Bijrgerstein (1900, 1908), Schulz (1901-2), Laage 
(1907), Nagai (1914), Life (1907), Klebs (1916, 17), Hartt (1925), 
and lately by Stephan (1928) all treat more or less of the matter 
in question. Revision of the historical data in detail seems to be 
without the scope of this study, and further investigation beyond the 
mere references is omitted here. 

As it was desirable to reach some conclusions on the light-relation 
of the spores of my study before proceeding to investigate their 
viability, some experiments were undertaken. The species studied 
were Equisetum arvense , Osmunda japonica , Osm. cinnamomea and 
Dryopteris viridescens. As the light source, a gas-filled tungsten 
filament Mazda lamp of 500 w. lOOv. was used for the most part, 
and the light emitted was filtered through a water layer in a cuvette 
4 cm. wide. The water in the cuvette was incessantly circulating, 
being freely supplied from the tap. The germinator dishes were set 
vertically on the laboratory bench on the same level as the light 
source, so that the surface of the substratum was perpendicular to 
the horizontal light rays from the lamp, and the lower side of the 
dish was dipped in water to keep it moist. In this series of experi¬ 
ments, the nutritive medium contained 2% agar-agar, twice as much 
concentrated as in other cases, for it was found impossible to keep 
the vertical position otherwise. The germinators were arranged in 
positions of different distances from the light source, viz., 70, 100, 141, 
200, and 282 cm. The relative illumination at each point was therefore 
1, 1/2, 1/4, 1/8, and 1/16 approximately, and since the 500 w. gas- 
filled tungsten lamp emits 625 candles in round numbers (the per¬ 
formance of the lamp was assumed to be approximately 1.25 candles 
per watt (Walsh, 1923, p. 70.)), the above relative value may be 
expressed in meter candle as 1250, 625, 313, 156 and ?8. Alternating 
current electricity supplied from the town was employed, which cir- 



142 


Y. OKADA 


cumstance made the light intensity rather variable, so that high 
exactitude cannot be claimed for the above valuation. Actual estima¬ 
tion of the light intensity was not attempted. Along with these 
series, a parallel germination test in sunlight and with the vacuum- 
type tungsten filament Mazda lamp of 50 candles was carried out. 
In this latter case, a thermostat of 25° was employed, and the distance 
from the lamp was regulated to 40 cm., so that the illumination was 
reckoned to be roughly 312 mo. The other experiments were all 
carried on at room temperature. Results of these experiments are 
shown in Tables VIII-XI. 

With the range of the light intensity of the present experiment, 
the maximum limit of germination could not lie determined, nor could 
the optimal value, except for Equisetam arvense , which germinated 
best in about 625 me. The other three species have a much higher 
requirement and the optimal light values seem to be beyond the 
highest point in the present study, i. e. 1250 me. of the gas tilled 
tungsten lamp. As for the minimal light value effective enough to 
cause germination, we will treat of it in connection with the experi¬ 
ments in the next chapter. 

In the case of all the four species studied, it is unanimously true 
that the germination rate in the light of an ordinary tungsten lamp 
is much higher than in that of the gas filled tungsten filament lamp, 
notwithstanding the lower light intensity of the former. This is 
evidently due to the difference in the composition of the light emitted, 
for the light in the former case contains more red rays than the 
latter. The favorable effect of the less refrangible rays on the ger¬ 
mination is demonstrated by all the authors who treat of the subject 
(Heald, 1898, p. 28; Schulz, 1901-02, p. 85; Burgerstein, 1908; 
Klebs, 1917 a, 1917 b; Hartt, 1925, p. 436; Stephan, 1928 pp. 393, 
397, 401.). 

Briefly speaking, the effect of light on the germination is very 
remarkable, and the rate of germination largely depends on the light 
intensity applied. Nevertheless, the range of the light intensity which 
effects the completion of the then obtainable maximal per cent germina¬ 
tion, if due time is allowed, is quite wide. Now, in my experiment 
of the study of viability, as constancy of the temperature was secured 
by means of thermostats and the lamp was lit inside them, the use 
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of a lamp of strong intensity necessarily caused an excessive rise of 
temperature beyond the optimal point, or we had to manage without 
strong light but with a favorable temperature condition. Of these 
alternatives, the latter method was resorted to, and in view of com¬ 
pensating for the weakness of the intensity, the tungsten filament 
lamp of the vacuum-type was employed, the light of which largely 
consists of the less refrangible rays. 

GERMINATION IN WEAK LIGHT AND IN DARKNESS. 

Though of but little consequence to the theme of the present 
study, the germination of the fern spores in weak light, and further 
in darkness, was studied in connection with the preceding experiment. 
Hence the brief account given below. 

A) Germination in weak light. 

As the light source, a vacuum type tungsten filament Mazda lamp 
of 5 candles was employed. Filter through the water layer was not 
applied in this case, as the heating effect was found negligible. Dis¬ 
tances from the light source were 1 and 2 meters, or converted into 
illumination intensity, 5 and 1.25 me. In Table XII are shown the 
experimental results from which we know that with light of very low 
intensity, we can still obtain unmistakably some rate of germination, 
which property is, however, naturally of specific difference in quantity 
according to the material used. For instance, spores of Osrnunda 
japonica have a much lower requirement than those of Osm. cinnamo - 
mea , i. e., the former are capable of germination in a light so weak 
as to be ineffective for the latter. Still much weaker light is sufficient 
in the case of Equisetum and Dryopteris . In general, fern spores do 
not require high intensity of light at all, so far as only the germination 
is concerned. Klebs (1916, pp. 23, 76) reports that the spores of 
Pteris longifolia germinate quite abundantly with the osram lamp of 
below half a Hefner candle, and the spores of P. serrulata have still 
less requirement for light. 

B) Germination in darkness. 

Since the work of Borodin (1868) who first noticed the fact that 
the spores of some ferns fail to germinate in darkness, the problem 
has been subjected to the researches of numerous investigators, the 
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results of which do not, however, always fairly coincide. References 
to earlier researches are to be found summarized in Laage (1907, 
pp. 76-78), Schulz (1901-02, pp. 81-84), and Heald (1898, pp. 25- 
27). Furthermore, by Nagai (1914, pp. 320-321) and later by Hartt 
(1925, p. 429) are given reviews of the problem in tabular form. The 
cause of the discrepancy among different authors seems to be of 
quite a complicated nature. Other conditions which may interfere 
with the phenomenon in question are numerous; for instance, the 
culture medium, temperature, viability of the spore, duration of the 
experiment, the criterion for the germination etc., and minor differences 
in these factors seem to be effective enough to cause the discrepancy 
in the results. Taking these circumstances into account, the consistent 
comparison of the results of former workers with one another is far 
from facile, nor does it seem appropriate in the present paper to 
engage in the discussion. I will presently proceed to report on the 
experimental data in my study. 

By way of the experiment on the effect of different light intensity 
on the spore germination, experiments were carried on to study the 
behavior of the fern spore sown in absolute darkness. The germinator 
and the substratum were the standard one previously described. 
Presently after the sowing of spores, the germinators were wrapped 
with blackened paper, encased in blackened zinc can, and set in place 
in the dark thermostat. The apparatus proved to be perfectly light 
tight. After 7-10 days, when the parallel preparations kept under 
favorable light* condition showed quite high rate of germination, then 
the germinators in the dark were brought into the light for the first 
time to be examined under microscope. The results are shown in 
Tables XIII—XVIII, on which brief comment will be given here. 

The spores of Equisetum arvense are capable of germination in 
the dark at room temperature. Application of high temperature 
resulted in an unfavorable effect. With regard to the spores of. this 
species, most of the former workers agree in the point that positive 
results are obtained with the germination in the dark (Milde, 1853; 
Sadebeck, 1877, p. 45; Heald, 1898, p. 43). Schulz (1901-02, p. 
96) reports, however, that he could not obtain any spore of E . arvense 
geiminating in the daik. My experiment proved to corroborate the 
former case so far as the experiments at the room temperature are 
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concerned Application of high temperature resulted negatively. 

As for the germination capability of the Osmundaceae spores in 
the dark, contradictory results are reported even with the same species. 
The results of former workers arranged in tabular form are shown 
below: 


Species 

Germination 

Author 

Osmunda regalis 

- 

Kny, 1872. 

» 

- 

Burgfrstein, 1900. 

♦» 

+ 

Laagk, 1907. 

" 

+ 

Goppkrt.o 

Osm. cinnamomea 

— 

Burgers ikin, 1900. 

Osm. Claytoniana 

- 

„ 

Osm. gracilis 

+ 

Goppkht.o 


In my study of fern spores along the line of this problem, 1 have 
already demonstrated in the preceding section that the spores of 
Osm. cinnamomea show a higher demand for light than those of Osm. 
japanica, and the germination capability of the former is arrested by 
far the more by the reduction of the light. Still more unfavorable 
is the absolute darkness, and we cannot find any spore of this species 
germinated in darkness. Osm. japonica has a little less demand for 
light than the preceding, and by the application of high temperature 
(25°), germination was attained to some degree. Such a favorable 
effect of high temperature on the germination in the dark was early 
recognized by Heald (1898, p. 43) in the case of Ceratopteris thalic- 
troides and Alsoj)hila Loddgesii. On the other hand, La age (1907, 
p. 85) holds a contrary opinion in regard to all of his materials. The 
difference between my two species of Osmundaceae above mentioned 
with regard to the requirement for light quantity is further proved 
by the fact that Osm. japonica germinated to some degree in case 
of exposure to mid-day sunlight, one or ten minutes daily for ten 
days, while Osm . cinnamomea failed entirely to germinate in the same 
condition (Tables XIV-XV). 

The spores of Dryopteris and Woodwardia did not germinate in 
the dark either at high temperature or at room temperature. 

O cited in Laagk (1907). 
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The materials used in the above study, excepting those kept at 
higher temperatures, were still quite vital at the close of the experi¬ 
ments in the dark, and if kept further under proper light condition 
to observe their later fate, showed very high per cent of germination. 
Also, the control preparation, that is, those kept under diffused light 
from the beginning, showed an equally high percentage. By the way, 
it may be noticed that in the case of a positive result in the dark, 
only the first cell divisions were recognized and the typical formation 
of the rhizoid was not established. 

GERMINATION IN ANAEROBIC CONDITION. 

The oxygen relation of the germination was repeatedly dealt with 
in many elaborate papers with regard to the seed, and especially in 
connection with the question of the delayed germination (Shull, 1911; 
Gassnkr, 1911; Crocker, 1906; Bihlmkykr, 1927; Boiimer, 1928). 
Thus it is generally accepted that an oxygen supply is indispensable 
for most seeds to germinate (Cowi.es, 1911, p. 933), though some 
exceptional cases are also reported (Takahashi, 1905; Crocker, 1907; 
Crocker and Davis, 1911; Nagai, 1916; Morinaoa, 1926; Terasawa, 
1927). 

As for the fern spores, far less study has been performed with 
especial regard to the subject. Schindler (1926) noticed that the 
fern spores, when sown in liquid medium, show a difference in the 
rate of germination between those laid on the surface and those sunk 
below, and he takes the difference in the oxygen supply as responsible 
for this phenomenon. In my study of the substratum, liquid medium 
was studied also, but, since the depth of the medium was quite little 
(about 5 mm.), no difference was noticed between the surface and 
the bottom. If, however, the oxygen supply is entirely arrested, a 
remarkable influence can be observed. The fern spores seem to be 
incapable of germination under absolutely anaerobic condition. The 
fact is proved by the following experiments (Table XIX). Spores 
were sown in the germinator with the standard substratum and the 
germiantors themselves were placed on the middle shelf in a glass 
vessel with plain glass top. The capacity of the vessel was about 
2000 cc. At the bottom of the vessel were put beforehand 25 °/o 
pyrogallol 1 volume and NaOH 6 volume in separate containers. 
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After the air in the vessel was replaced with hydrogen gas, the 
chemicals were mixed together, which is sure to absorb the trace of 
oxygen if any (Mayer, 1903. p. 148). The experiments were conducted 
either in daylight or with artificial light in a 25° thermostat. The 
materials used were Equisetum arvense , Osmunda japonica , Osm. 
cinnamomea , Dryopteris viridescens , and Woodwardia oriental in. All 
of them failed to germinate in the anaerobic condition, so long as 
the duration of the experiment did not exceed one week, which is 
sufficient time to get the full germination per cent under aerobic 
condition. As for the proof that the materials were quite viable, the 
per cent of germination in the aerobic condition may be consulted, 
which is noted also in the table. The preparations, after remaining 
one week under the anaerobic condition, were exposed to a free supply 
of air in the laboratory. After one week in the new condition, the 
rate of the germination was counted again, which results arc* given 
in column 6, showing that the Equisetum and Dryopteris spores are 
far less resistant than the others. 

II. On the viability of the fern spore. 

So far wc have dealt with some of the features of the germination 
physiology of the fern spore with respect to external conditions. We 
will now proceed further to the question of their viability. 

Taking into acccount the fundamental function of the spore, I 
have adopted the germination capability as the index of the viability. 
Spores were stored under various conditions after they were collected 
from the fields, and tested for the rate of germination from time to 
time. As for the conditions for germination, the knowledge obtained 
in the preceding sections was consulted. It is obvious that whether 
a spore is potent to germinate or not must not be decided with 
experiments under unfavorable conditions. To take an extreme case, 
if we sow the spores under a bad condition, say, in a dark, cold 
place without oxygen supply, they are sure to fail to start germination 
though potent enough if placed under a better condition. Hence 
the imperative necessity to afford the optimal condition in such an 
experiment. Now, we have studied in the preceding sections about 
some of the more important factors in germination, viz., substratum, 
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temperature, illumination and oxygen supply, and learned roughly the 
general tendencies. To combine all of the optimal conditions was, 
however, unable to be attained in practice. For, as a matter of fact, 
we cannot afford to prepare different conditions for each different 
species. Moreover, the thermostat available had to be illuminated 
with a light source inside, which naturally made it impracticable to 
combine high light intensity with rather low temperature. Limited 
by these circumstances, we were compelled to rewrt to as optimal 
conditions as practicable, if not absolutely so. Thus we applied the 
temperature of 25° for all of the species, since this temperature is 
almost equally favorable to all of them. As a light source the vacuum 
type tungsten filament Mazda lamp of 50 candles was employed and 
the germinators were fixed at a distance of 40 cm. from the light 
source. The favorable effect of this arrangement as compared with 
the gas filled tungsten lamp was demonstrated in the earlier part of 
this paper. 0.1^ Knop’s solution added with \% agar-agar was 
used as culture medium, which though a little inferior to those without 
agar-agar, is almost equally effective for obtaining the ultimate per 
cent of germination. As for the supply of oxygen, no positive con¬ 
trivances were attempted, hut considering the retarding effect of oxygen 
deficiency, attention was paid to prevent the cover of the dish from 
fitting too tightly, so that free communication of air over the surface 
of the substratum was secured. The germinator vessels and the 
procedure of counting the per cent of germination were the same as 
in the preceding experiments. The experiments were carried on until 
the germination per cent was reduced to nil, and the spores in the 
germinator vessels were discolored away. This critical point was 
assigned as the limit of the span of the life. Four species mostly 
were studied, viz., Equiselum arvense , Osmunda japonica , Osm. cinna- 
momea , and Dryopteris viridescens , and in some cases, studies were 
extended to Woodwardia orientalis and Matteuccia struthiopteris as 
well. Four different aspects were considered with respect to the 
present problem. First, specific difference in the longevity of the 
spores; secondly, the effect of different methods of storage; thirdly, 
the interrelation between the specific difference in the longevity and 
the other properties of the spores; and finally, the relation of viability 
decline to the change in the catalase content. 
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SPECIFIC DIFFERENCE IN THE LONGEVITY OF THE SPORE. 

Experiments on this point was carried on in 1925, but with no 
special regard to observe the strictly uniform conditions for germination, 
so that no absolute value can be claimed for the obtained results. 
It seems nevertheless valid enough to indicate that the difference in 
the longevity of the spore due to the species is quite remarkable. 
Therefore, the extract from the protocol concerning the per cent of 
germination of the spores is given in Tables XX, 1-6. In this set 
of experiments, preliminary study with regard to the keeping quality 
of different storage methods was also undertaken. As the matter is, 
however, to be treated of in detail in the succeeding chapter, mention 
will be limited here to those spores kept in the ordinary condition 
of the laboratory, packed in paraffin paper sacks exposed to diffused 
light from the north window, and having temperature and humidity 
controlled in no way. 

Here are summarized from the tables the time-limits of the spores 
of the six species when kept under such a condition: 


Equisetum arvense , 

10-21 day 

Osmunda japonica , 

23-43 „ 

Osm. cinnamomea , 

13-54 „ 

Drynpteris viridescens , 

92 107 „ 

Matteuccia struthiopteris , 

138-149 „ 

Woodwardia orient alls. 

174-191 „ 


Remarkable is the extraordinary brevity of life of the Equisetum 
spore, which property was naturally often noticed by former workers 
who engaged in the study of this species (Milde, 1851, p. 621; 
Duval-Jouvk, 1864, p. 95; Schulz, 1901-02, p. 98; Stephan, 1928, 
p. 399; Gistl, 1928, p. 257). Osmunda cinnamomea and Osm. japonica, 
too, lose their viability after a comparatively short period. This fact 
is also coincident with the observations in the former researches on 
Osmundaceae spores (Sadkbeck, 1881; Laage, 1907, p. 82). Dryer 
pteris, Matteuccia and Woodwardia come next in the order. Of the 
six species studied, Woodwardia was the most long lived, but even 
with this one, the span of life was nevertheless observed not to exceed 
191 days. It must be kept in mind, however, that these numerals 
concern only those spores which were kept in the ordinary condition 
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of the laboratory, with temperature and moisture regulated in no way, 
and of which absolute exclusion of the light was not aimed at, as 
they were only packed in paraffin paper sacks. Different conditions 
may greatly alter the value, for instance, storage in the dark and in 
a dry condition is far more favorable for keeping the viability. We 
can find in literature, examples of the long life of fern spores (Sade- 
beck, 1881; Colely and Druery, 1904, p. 13; Wright, 1909), most 
of which seem to owe their longevity to the storage in a dark condi¬ 
tion, though the specific! character must be at least equally respected. 

EFFECT OF DIFFERENT METHODS OF STORAGE AND THE 
REDUCTION OF THE VIABILITY DUE TO AGE. 

In the course of the preceding experiment, the effect of different 
methods of storage was preliminarily studied, which yielded some cases 
of interest. In 1926, accordingly, further studies with special respect 
to this problem were undertaken. Four species of comparatively 
short life, viz., Equisetum arvense , Osmunda japonica , Osm. cinnamo- 
mea , and Dryopteris viridescens were applied as materials of the study, 
and three kinds of factors, light, temperature, and moisture were 
studied. 

In connection with the light relation, the effect of direct sunlight, 
the same filtered through red glass, the same filterd through blue 
glass, diffused sunlight in the laboratory, and lastly storage in darkness 
were compared. As for the temperature relation, storage in a 25° 
thermostat, in the ordinary room temperature of the laboratory, and 
in a refrigerator (Mannesmann’s electric refrigerator was employed, 
in which the normal range of temperature was (-2°)-4° for the winter 
and 5°-10° for the summer), and in a receptacle immersed in the 
brine of the ice manufactory (-11° to -16 ) were compared. Finally, 
with regard to the moisture relation, the effect of desiccation (exsic¬ 
cator with 1/4 total volume filled with CaCl* was employed) as 
contrasted to the storage in the ordinary room humidity, was studied. 
In studying the effect of exposure to the light, the spores were spread 
over 1 the paraffin paper in a Petri dish, so that an overshadowing of 
each other was prevented. In other cases, small tube bottles were 
employed as the receptacles. Various combinations of the above three 
factors were studied, except what was impracticable, for instance, we 
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were unable to study the low temperature combined with exposure to 
light, as the refrigerator admits no illumination. At any rate, the 
results obtained do not fail to show, to some degree, the general 
features concerning the problem. As for the conditions for the ger¬ 
mination study, those given in the previous part (p. 148) were strictly 
observed throughout. 

Protocols of the experiments are compiled in Tables XXI-XXIV. 

We can perceive from these tables the general tendency that a 
dark, cold, and dry condition seems to be more favorable than a 
light-exposed, warm, and moist one. In Equisetum , slight deviation 
from this general tendency was encountered concerning the moisture- 
relation in the higher temperature. This species is, however, not quite 
appropriate for studying these problems, as it is excessively short-lived, 
so that whether the discrepancy is idiosyncratic in reality or not, could 
not be decided clearly. 

Red light seems to be more destructive than blue in the case of 
Equisetum and Dryopteris , while a reverse result was obtained with 
Osmunda japonica , and lastly, no distinction was observed with 
Osmunda cinnamomea . Concerning this point, however, my experi¬ 
ments were not at all conclusive, as direct sunlight, even after the 
transmission through the color filter, is too intensive to afford a 
comprehensive resolution of the two with respect to their destructive 
effects. Therefore, further study is necessary to resolve the distinction. 
Storage in Hydrogen gas yielded no remarkable effect as compared 
with that in ordinary air. In all of my material, reduction of viability 
due to the age is clearly demonstrated (A few anomalous cases which 
are probably due to some uncontrollable variation in the conditions 
for germination could not be excluded.), which property seems to be 
shared by almost all of the fern spores (Laage, 1907, p. 82; Rogers, 
1923, p. 76; Stephan, 1928, p. *389). 

difference in viability as related 

TO OTHER PROPERTIES. 

In the preceding chapters we have reported on the comparison of 
the longevity of the fern spore, the decline of viability with age, and 
furthermore, the influence of external conditions on their keeping 
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capacity. Now, it naturally follows that these differences in viability 
of the spore must necessarily be correlated with their physico-chemical 
constitution. In the present section, accordingly, some properties of 
the spore are investigated and brought into comparison with one 
another to see whether they have some parallel relationship to the 
question of their viability. 

i. Water content of the spore. 

In general, the fern spore collected freshly shows far less value in 
its water content than the vegetative cells. These values are to some 
degree comparable to the water content of the seed of the Phanero¬ 
gam, which is reckoned to be 10% or thereabout (Skene, 1924, p. 
399). The actual values measured are shown in Table XXV. 

On inspection of the table, we can notice that these fern species, 
when arranged in order according to their water content, perfectly 
coincide with the order in the table on page 149, which represents the 
comparison in length of their span of life. The fact is interesting ir, 
particular that the Equisetum spore which is remarkable for its extra¬ 
ordinary short life, contains a far larger amount of water than the 
others, having half of its weight consisting of water. 

Generally speaking, the scanty water content is accounted foi; as 
the characteristic of seeds and spores, because the protoplasm^ of 
such composition is much more resistant against hard conditions. The 
fact that the Equisetum spore contains a larger amount of water than 
the others suggests that it represents rather a fragment of a vegetative 
body than an ordinary disseminule, and their unusual brevity of life 
may be at least partly due to this property, although the other 
properties, such as the nature of the spore wall and that of the reserve 
substances as suggested by Schulz (1901-02, pp. 94, 96) are also 
responsible. The same principle may be applicable to the case of 
the Osmundaceae spores, that is, in this case also, the abundance of 
the water content, besides other characters noticed by Kny (1872, p. 
3). and Laage (1907, p. 83), is distinct in contrast to the other longer- 
lived species. 
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ii. Respiration intensity of the spore. 

We have above just learned of a remarkable similarity between 
the spore and the vegetative cell of Equisetum as contrasted to other 
species, with respect to the water content, one of the fundamental 
factors in the cell constitution. It seems, accordingly, highly probable 
that the Equisetum spore exhibits activity in vital phenomenon similar 
to a vegetative cell, while the reverse is the case with other species. 
The fact is fairly demonstrated with the phenomenon of respiration, 
about which, the result of experiment will be reported below. 

The materials used were the following five species, Equisetum 
arvense , Osmunda japonica , Osm. cinnamomea , Dryopteris viridescens , 
and Woodwardia orientalis. As the container for the spore a wide- 
mouthed glass bottle of about 20() cc. capacity was employed. 3 to 
4 g. of the material was put into the receptacle, lowered into the 
constant temperature water bath with electric heater and regulator, 
and a current of CO a free air was constantly supplied. The CO z 
produced in the respiration was determined by means of the volumetric 
method in the usual manner. 

The duration of the experiment was usually 6-8 hours. In the 
1 able XXVI, the C0 2 gas developed is expressed in mg. per 24 hours 
per 1 g. of the spore material. 

From the table we can perceive clearly that the Equisetum spore 
far exceeds the others in the respiration intensity, the values for the 
latter being mostly under the limit of the experimental error, even at 
the higher temperature. Only the spore of Woodwardia exhibits a 
slight sign of respiration. More remarkable is the contrast at the 
lower temperature, for, at 15°, only the Equisetum spores were seen 
to respire, all the others being devoid of the capability. As for the 
Equisetum spores, the respiration intensity at 25° is roughly twice as 
large as at 15°. The decline of the respiration intensity with age is 
also demonstrated in the table with the Equisetum spore. 

Thus we can establish here again a close relationship between the 
brevity of life and other physiological features of the Equisetum spore. 
But, as to whether this principle may be applicable further to the 
longevity of other species cannot be decided, as the respiration intensity 
of all the other species is too small to allow a consistent comparison. 
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iii. Catalase content of the fern spore. 

The physiological significance of the catalase has been discussed 
by many authors, who do not reach a coincident conclusion. Opinion 
prevails, however, that the enzyme plays an important role in connec¬ 
tion with the metabolic activity, and the matter has been often treated 
in the physiology of the seed. To determine the same with the fern 
spores, the writer carried on some experimental studies, of which the 
results are given below. 

Measurement of the catalase activity was performed by means of 
Appleman’s method 0 (Appleman, 1910, p. 184,1916, p. 226; Crocker 
and Harrington, 1918, p. 139) at 25° and rocking 60-80 times per 
minute. The spores were ground in a glass mortar, to which was 
added 10 cc. Aqua and a small quantity of Ca-carbonate. 10 cc. of 
H*0* (about 3%) was always given. Quantities of the spore used 
were not constant throughout these studies, but were arranged roughly 
to be inversely proportional to the activity of the catalase. In the 
accompanying tables, the average value for two or three measurments 
is given, the activity being represented by the volume of O g evolved 
in cc. per 0.1 g. of the fresh or dry weight of the material. There 
are annexed also in the table the dry matter content and the germina¬ 
tion per cent of the spore as well. (For determining the per cent of 
germination, the condition given on page 148 was observed throughout.) 

a) Specific difference in the catalase content . 

Five species were studied; Equisetum arvense , representing the 
most short-lived spore and the others somewhat longer-lived. The 
results obtained are shown in Table XXVII. From these values in 
the table we can learn but little concerning the relation of the catalase 
activity to the problem of longevity. Remarkable is the fact that 
Osmunda japonica and Osm. cinnamomea , the two closely related 
species, show a marked similarity both in the longevity and the catalase 
content as contrasted with other species. 


*>An improvement has been lately introduced by Overholser (1928, p. 286). 
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b) Reduction due to age. 

The catalase content of the spore is not stationary at all through 
the life of the spore but decreases constantly, the course of decline 
being naturally influenced largely by the environmental condition or 
the method of storage. We will now treat of these lines of the 
problem, and first with regard to the age of the spore kept in a 
certain definite condition. For this purpose, spores of Equisetum 
arvense , Osmunda dnnamomea and Ostn. japonica were utilized as 
materials of the study. As for the storage condition, uniformity of 
method for all the species was not observed, as the keeping properties 
of the spores are specifically somewhat different (p. 151). Although 
storage in a dark cold place is more favorable for all of them than 
in an ordinary laboratory room, they behave themselves somewhat 
differently with respect to moisture conditions. So that in the present 
case, to keep their viability as well as possible, we have applied the 
storage in dark cold, and non-dry condition for Equisetum , and storage 
in a dark, cold, and desiccated condition for Osmundaceae. Catalase 
activity was determined from time to time after the method described 
above, and at the same time the per cent of germination was counted. 
The obtained results are tabulated in Tables XXVIII-XXX. They 
clearly demonstrate that the catalase activity coincides with the ger¬ 
mination capability in the general tendency that they both suffer from 
gradual reduction as their age increases. 

c) Effect of the different storage methods. 

We have already learned in regard to the catalase content of the 
spore that it does not remain stationary during the period of storage 
but is gradually reduced in its activity. The rate of reduction is, in 
its turn, not uniform in all cases. On the contrary, it is largely 
influenced by the conditions given by the storage method, as is the 
case with the viability of the spore. A few experiments were under¬ 
taken with respect to this question with the same three species as in 
the preceding section. As for the conditions in the storage methods, 
two factors were subjected to study, viz., temperature and moisture. 
As is previously described on page 150, concerning the conservation of 
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viability, high versus low temperature, and a dry versus non-dry 
condition were investigated, and the same methods used there were 
applied here as well. Different effects of other factors were not 
studied. Experimental data obtained with the above three species are 
shown in Tables XXXI-XXXIII. Examining these tables, however, 
we can perceive no definite tendency of general applicability. The 
effect of a certain single factor on the conservation of the catalase 
content of the spore differs according to other environmental factors 
and the material used. Thus the dry storage is favorable for Equi - 
setum spore at low temperature while the reverse is the case with 
the same spores at high temperature. Another example of complication 
is shown by the spore of the Osmunda cinnamomea, for which, in a 
dry condition, high temperature is more favorable for the conservation 
of the catalase, while in a non-dry state, the low temperature keeps 
its activity the better. Briefly speaking, the relation seems to be too 
intricate. The properties of the spore constitution must each be 
provided with idiosyncratic features. 

We have learned elsewhere that between the storage condition 
and the keeping capacity of the viability of the spore, there is a 
certain tendency of general applicability to some extent. In the present 
tables, we have attached also the experimental data concerning 
this line of the matter, being represented in the lowermost row of 
the tables in the form of the per cent of germination. Taking these 
figures into account, we can compare at the same time the keeping 
capacity of the catalase content and that of the germination capability 
with respect to the storage method. The result of the comparison 
proves to be quite confused, and consistent relationships between these 
two features cannot be established so far as my experimental results 
are concerned. 


d) Difference due to treatment. 

So far we have been dealing with the catalase activity, with the 
spore materials ground fine in the mortar. Modification of the pro¬ 
cedure naturally leads to different results. The following experimental 
data are reported here as an example of this truth. In the course of 
our study concerning the catalase activity, comparison of the oxygen* 
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development from the ground spore and the intact spore was under¬ 
taken, the results of which are to be found in Tables XXXIV-XXXVI. 
The experiments usually proved quite remarkable differences between 
these two, the magnitude of the difference being, in turn, dependent 
on the species and the age of the spore. Thus we can distinguish 
quite a favorable effect of grinding with the fresh spore of Equisetum , 
but a little later, when the spore is only 13 days old, the favorable 
effect is largely reduced, and still later, with a 1 year old spore, 
almost no distinct difference is to be noticed. As for the Osmunda - 
ceae spores, the favorable effect of grinding is distinguished with 
spores both fresh and old, although in the latter case the distinction 
is diminished to some degree. 

The accelerating effect of grinding may be attributed partly to 
the increase of the working surface of contact between the plasma 
and hydrogen peroxide, and partly to the destruction of the spore 
wall. Now the fact that this favorable effect decreases as the days 
go on suggests either that the interference due to the spore wall is 
diminished, or that the catalase in the more interior part of the spore 
suffers from reduction more rapidly. Which of the two possibilities 
is the more probable we cannot determine. At any rate, the specific 
difference cannot be neglected in either case if we compare the results 
on Equisetum with those on Osmundaceae. 

Resume. 

t. The present work is concerned mainly with the following two 
aspects of the physiology of fern spores, namely, the question of the 
influence of the external conditions on the germination, and the via¬ 
bility of the spore. The former question is treated in Part 1 of the 
present paper and the latter in Part 2. 

2. The following five species of Pteridophyte were mostly employed 
as the materials for study, namely, Equisetum arvense L., Osmunda 
japonica Thunb., Osm. cinnamomea L., Dryopteris viridescens O. 
Kuntze, and Woodwardia orientalis Swartz. In a few cases, studies 
were extended to Matteuccia struthiopteris (L.) Todaro. 

3. Viability of the spore was represented by the germination 
capability and those spores which exhibit the first cell division in the 
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germinator were taken as being capable of germination. 

4. Of the three substrata studied (0.1 % Knop’s nutritive solution, 
the same with 1 % agar-agar added, and distilled water), the first one 
always proved the most favorable for germination. But so far as the 
ultimate per cent of germination is concerned, the distinction was 
practically negligible between the first and the second. For the later 
development, that is, the growth of the prothallia, the second was 
preferable. As for the germination in the pure water, specific dif¬ 
ferences were noticed. While Dryo])teris> Woodwardia and Matteuccia 
were incapable of germination in pure water, two species of Osmunda - 
ceae showed some rate of germination, though it was not very striking. 

5. With respect to the temperature, the five species studied did 
not exhibit any remarkable variation. They all agreed in the general 
tendency that they have the optimum at about 25 J , maximum a little 
lower than 40°, and minimum at about 10°. 

6. Germination tests with respect to the illumination were carried 
on. The results show that rather high intensity is favorable for 
germination when the light from the gas-filled tungsten-filament lamp 
is applied. Neither the maximal intensity of illumination to effect the 
germination nor the optimal value was able to be determined, except 
for Equisetum . For Equisetum , the optimum was found at 625 me. 
or thereabout. 

7. Illumination of lower value than the optimum is still effective 
enough to obtain full per cent of germination, provided a sufficient 
time of application is allowed. 

8. The light of vacuum-type tungsten-filament lamp was far more 
favorable than the gas-filled one. 

9. The Effect of sunlight was studied in some cases, which proved 
that the diffused light is quite favorable, while the direct rays are 
fatal. 

10. In very low intensity of illumination, most of the spores 
studied were capable of germination. Only in one case, that is, the 
spore of Osmunda cinnamomea , was the minimal value for germination 
attained. The spore of this species did not germinate in illumination 
lower than 1.25 me. of the vacuum-type tungsten filament lamp. 

11. Spores of Equisetum arvense and Osmunda japonica were 
proved capable of germination in the dark, the former at the room 
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temperature and the latter at 25°. Spores of Osmunda cinnamomea , 
Dryopteris viridescens and Woodwardia did not germinate in the dark, 
either at the room temperature or at higher temperature. 

12. In absolutely anaerobic condition, all the spores failed to show 
any sign of germination. 

13. The life of the spore kept in the laboratory was studied. 
The span of life was different specifically. The following values were 
obtained in my study: Woodwardia, 171-191 days; Matteuccia, 13S- 
119 days; Dryopteris , 92-107 days; Osmunda cinnamomea; 13-54 
days, Osmunda japonica, 23-13 days, and Equisetum arvcnse , 10 21 
days. 

I t. The storage in a dark and cold condition was more favorable 
for keeping the viability than a light-exposed and warm one. This 
tendency seemed to be generally applicable. As for the moisture 
relation, the spores of most species agreed in preferring the dry 
storage, while it was not the case with Equisetum spores at a higher 
temperature. 

15. Red light seemed to be more destructive than blue in the 
case of Equisetum and Dryopteris. The case is reverse 1 with Osmunda 
japonica, and no remarkable distinction can be observed with Osmunda 
cinn motnea . 

16. Storage in Hydrogen gas yielded no remarkable effect as 
compared with that in the ordinary air. 

17. The water content of the spores of my study varies from 
5.9% to 19.18^ according to the species. Quite remarkable is the 
close relation of the amount of the water content and the span of 
life. The Equisetum spore which is noted for its brevity of life is 
also peculiar in its abundant water content. 

18. Equisetum spores are idiosyncratic also in the fact that they 
alone show a decided sign of respiration. 

19. Catalase content of the spores was determined and their 
reduction due to age was demonstrated. 

20. The relation of temperature and moisture on the conservation 
of catalase activity was studied, only to attain too complicated results 
to make generalization possible. 
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Table I. 

Comparison of culture media, Experiment 1. 

Material: Dryoptcria viridescens, lot no. 5, 73 days after collection. 
Woodtcardia orientals , lot no. 5, 73 „ „ „ 

Matteuccia struthiopteris , lot no. 5, 84 days after collection. 
Culture media: I. 0.1# Knop’s solution. 

II. The same added with 1# agar-agar. 

III. Aqua redestillata.* 

Light condition: Diffused light from the north window. 

Temperature: 17.5°-21.5° 



Species 

Dryoptcria 

Wood war dm 

Matteuccia 

Culture media 

I 

ii 

III 

I 

II 

Ill 

I 

II 

III 


in 2 days 

28 

0 

0 

0 

0 

0 

0 

0 

0 

o § 

»» *1 ♦» 

63 

41 

0 

0 

0 

0 

0 

0 

0 

e 

v a 
° *5 

„ 6 „ 

94 

91 

0 

43 

43 

0 

17 

14 

0 

u c 

„ 6 „ 

99 

96 

i 

0 

77 

72 

0 

41 

26 

0 

UU be 

60 „** 

— 


0 

— 

— 

0 

— 


0 


* Inside of the germinator vessels paraffined. 

* * Counting was not practicable for I and II because of the excessive cover¬ 
ing area of grown prothallia. 


Table II. 

Comparison of culture media, Experiment 2. 

Material: Osmunda japonica , lot no. 5, 3 days after collection. 

Osmunda cinnamomca , lot no. 5, 3 days after collection. 
Culture media I, II, and III, the same as in Exp. 1. 

Light condition: Diffused light from the north window. 
Temperature: 18.5°-23 c C. 



Species 

Osmunda japonica 

Osmunda cinnamomca 

Culture media 

I 

ii 

111 

I 

II 

111 

* s .| 

■2 -9 

m 1 day 

» 

0 

! o 

0 

0 

0 

„ 2 days 

47 

0 

0 

0 

0 

0 

s m 

8-g 

„ 3 „ 

96 

65 

2 

45 

30 

0 

& i 

6 „ 

100 

98 

6 

95 

95 

0 

a. 8> 

7 

»» * »» 

100 

100 

12 

98 

98 

0 
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Table III. 


Effect of temperature, Experiment 1. 
Equisetum arvense , no. 6 , a-d. 


Material 

no. 

6 a 

no. 6 b 

no. 

6 c 

no. 6 d 

Age of the spore 

5 



4 


4 


5 


(in days) 1 








Temperature 

20 ° : 

26" 

13M7 

0 :2b° : 


80“ : 

36° 

40 J 


in 1 day 

0 

16 

0 

4 

6 

0 

0 

0 

c 

„ 2 days 

8 

44 

1 

45 


0 

0 

0 

° .2 

„ 3 „ 

41 

81 

8 

93 

73 

9 

1 

0 

c 2 
8 | 

„ 4 „ 

60 

86 

— 

— 

— 

22 

5 

0 


3 

74 

90 

88 

96 

86 

47 

10 

0 

0 . ex, 

6 „ 

87 

92 

90 

97 

91 

61 

21 

0 


„ 7 

lil 

94 


97 

94 

65 

24 

0 


Table IV. 

Effect of temperature, Experiment 2. 

Osmunda japonica , lot no. 6 a. 


Age of the spore 
(in days) 

1 

i 

258 


18 


8 

28 

48 



Tem|>erature 


: 15’ : 

20° 

20° 

25° 

£5’ 

: 80“ 

i 

30’ 

35° 

30“ : 

40° 


in 

1 day 

; o 

0 

0 

0 

0 

0 

3 

1 0 

0 

o 

0 

c 

0 

M 

2 days 

: o 

0 

0 

0 

20 

79 

86 

; 2t 

0 

5 

0 

ec 

C 

ii 

3 

1 0 

0 

2 

3 

39 

90 

93 

; 26 

It 

28 

0 

i 

n 

4 „ 

1 0 

1 

0 

is 

12 

77 

97 

92 

67 

12 

! 48 

0 

2x 

Um 


5 „ 

0 

0 

26 I 

34 

87 

97 

96 

• 69 

12 

! 48 

0 

O 


6 „ 

1 

1 0 

1 

3.6 

31 I 

70 

95 

97 

95 

i 74 

20 

' 49 

0 

e 

a, 

c 

i 

7 „ 

1 0 

0.5 

31 

82 

95 

96 

95 

, 80 

27 

' 52 

0 

£ 

; „ 

8 „ 

I 

1 - 

— 


> 




, 81 

27 

i 



1 

10 „ 

i 0 

24 

40 





' 
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Table V. 

Effect of temperature, Experiment 3. 
Osmunda cinnamomea , lot no. 6. 


Age of the spore 
(in days) 


254 


24 

11 

35 

45 


Temperature 

? 

16° : 

20° 

20° ! 

26° 

25’ : 

30“ 

30’ : 

36“ 

30° : 

40° 


in 

1 day 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 



2 days 

0 

0 

0 

6 

16 

61 

27 

28 

6 

9 

0 

° o 

»» 

a 

0 

0 

8 

12 

36 

60 

60 

65 

16 

' 36 

0 

C <C 


4 „ 

0 

0 

29 

58 

67 

85 

66 

71 

32 

49 

0 

{I 


» „ 

0 

0 

45 

70 

77 

87 

84 

75 

38 

68 

0 


6 „ 

0 

0.5 

53 

1 76 

83 

i 90 

84 1 

1 76 

43 

j 70 

0 

cl be 

»» 

7 „ 

0 

4 

68 

I 79 

86 

1 90 

90 

1 80 

09 

76 

0 


»» 

10 

! 0 

21 

80 

1 






i 



Table VI. 

Effect of temperature. Experiment 4. 
Dryoptcris viridescens , lot no. 8. 

Arc of the spore, 6 days after collection. 


Temperature 

io“~ir 

o 

20° 

26° 

80“ 

36° 

40° 


in 1 day 

0 

0 

2 

10 

0 

0 

0 

c 

O TQ 

„ 2 days 

0 

0 

31 

71 

11 

12 

0 


„ a .. 

0 

39 

61 

93 

24 

21 

0 

q 


0 

67 

84 

97 

36 

36 | 

0 

l! r 

»» a ii 

0 

83 

92 

! 99 

46 , 

43 

0 

4> £ 

a. & 

• „ o „ 

4 

88 

96 

| 99 

I 62 j 

! 48 

1 0 

7 „ 

14 

i 90 

98 

1 100 

1 54 1 

1 49 

! 0 


Table VII. 

Effect of temperature, Experiment 5. 
Woodwardia orientalise lot no. 8. 

Age of the spore, 6 days after collection. 


Temperature 

i 0 “-ir 

o 

£ 

20* 

w 

c* 

30“ 

1 36“ 

40“ 


in 1 day 

0 

0 

0 

0 

0 

1 0 

0 

® 1 

•t 2 days 

0 

0 

0 

0 

4 

0 

0 

<4-i 'J2 

„ 3 ,. 

0 

0 

4 

43 

59 

1 10 ' 

0 

§ J 


0 

0 

40 

87 

78 

; 37 

1 0 

" 1 

>• a » 

0 

0 

81 

88 

86 

; 70 

0 

<U ^ 

H . K#\ 

o „ 

0 

16 

88 

90 | 

91 

1 86 j 

! o 

Mm 00 

7 „ 

0 

56 

| 90 

-92 | 

94 

90 1 

0 
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Table VIII. 

Effect of illumination, Experiment 1. 

Equisetum arvense , lot no. 6 c. 

Age of the spore, 23 days after collection. 

Light source, gas-filled tungsten-filament lamp except for the last column. 


Temperature 

Room /average of daily maxima, 17°\ 
temp. \ „ „ „ minima, 15®/ 

j 26° 

Illumination 
(in m c.) i 

1260 | 

626 

313 

166 

78 

j qi <>/vacuum tungsten\ 

1 \filament lamp / 

® k ! in 3 days 

67 1 

62 

20 

10 

0 

! — 

S'g g. 7 

» ' ” i 

59 j 

68 

23 

24 

8 

: 94 

« So „ 14 „ | 

** 1 - - J 

»! 

71 

74 

27 ’ 

8 

; 


Tahi.k IX. 

Effect of illumination, Experiment 2. 

Osmunda japortica , lot no. 6 a. 

Age of the spore, 16 days after the collection. 

Light source, gas-filled tungsten lamp except for the last 3 columns. 


Temperature j Kuum 1 S& {?) I " 


Illumination 

(in me.) 

1260 

626 ' 313 

166 ; 

78 

| Sunlight 

I direct 

diffused | 8121 

vacuum tung-\ 
Men lamp. / 

§ 

in 3 days 

61 

12 i » 

2 

0 

i 6 

64 j 

— 

ill 

7 

»» * »» 

86 

86 j 71 

! 69 i 

67 

i " i 

91 

98 

o 

I ao 

,.14 „ 

1 96 

96 1 98 

95 1 

91 

! - i 

96 ' 

— 


Taulk X. 

Effect of illumination, Experiment 3. 

Osmunda cinnamomea , lot no. 6. 

Age of the spore, 11 days after collection. 

Light source, gas-filled tungsten lamp except for the last three columns. 











EBB 

11 T|wIw 1 fivTB 


IT r 


KB 


hII 




■ 



j&mM 


ITB 


■ 
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Table XI. 

Effect of illumination, Experiment 4. 

Dryopteris viridescens, lot no. 6. 

Age of the spore, 54 days after collection. 

Light source, gas-filled tungsten lamp except for the last 3 columns. 


Temperature 

Room temple of <Wy « IT) 

26° 

Illumination 
(in me.) 


625 

313 

156 

78 

Sunlight 

direct 

Do. 

diffused 

gj 2 p acuum tung-\ 
\sten lamp. / 


in 3 days 

88 

81 

54 

' 44 

18 


— 


ill 

,, 7 „ 

98 

97 

93 

91 

92 


— 

98 

il 

,.14 „ 

98 


95 

92 

93 

i 

! 


— 


Table XII. 

Per cent of germination in weak light. 


Species 

Age of 
spore after 
collection 

Tempera* 

Per cent of 


Illumination 


ture* 

germination 

5 m c. 

1.25 m c. 

in diffused 
sunlight 

Equisetum 



in 7 days 

21 # 

21# 

-. 

arvense 

4 days 

18*-16“ 




lot no. 6 d 


„ 14 „ 

86% 

88% 

— 

Dryopteris 

viridescens 

40 „ 

18M5* 

7 

,, • *, 

23% 

3% 

-- 

lot no. 6 



„ 14 

64% 

4% 

*— 

Osmunda 



7 „ 

8% 

2% 

92# 

japonica 
lot no. 6 b 

11 „ 

21M9 0 

„ 14 „ 

17.6% 

2.6% 

94# 

Osmunda 

cinnamomea 

11 „ 

19°-13“ 

7 „ 

! 


0% 

83# 

lot no. 6 



14 „ 

3% 

0% 

84# 


* Average of the daily maxima and minima. 
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Tablk XIII 

Germination test in the dark, Experiment 1. 
Equisetum arvense , lot no. 6d. 

Age of the spore, 2 days after collection. 



. Temperature 

condition 

Per cent of 
germination 
in 10 days 

Do. in 7 days of 
subsequent ex¬ 
posure to diffused 
sunlight 

In the dark 

80° thermostat ! 

0 

0 


26 e thermostat j 

0 

0 


Laboratory room 
. (19-16°) j 

20 

62 

In diffused sunlight 

I.al>oratory room 

(19°-16°) 

' ' 98 

— 


Tablk XIV. 



Germination test in the dark, Experiment 2. 
Osmunda japomca , lot no. 6 b. 

Age of the spore, 11 days after collection. 




Temperature 

condition 

Per cent of 
germination 
in 10 days 

Do. in 7 days of 
i subsequent ex¬ 
posure to diffused 
i sunlight 

In the dark 

80° thermostat 

0 

! 65 


26° thermostat 

. 8 

©i 

oo 


Laboratory room 

0 

1 80 


Glass house (29 U -I6 U ; 

0 

1 

; 94 

Instantaneous exposure 
to the mid-day sunlight, 
l minute daily 

j 

Glass house (29®-16 e> ) 

11 

i 

1 95 

1 

1 

Do. 10 minutes daily 

»» 

j 24 

| 95 

In diffused sunlight 

Laboratory room 

(2r-M>°) 

i * 

{ 04 

! 
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Tablk XV. 

Germination test in the dark, Experiment 3. 
Osmunda cinnamomea , lot no. 6 . 

Age of the spore, 11 days after collection. 



Temperature 

condition 

i 

Per cent of 
germination 
in 10 days 

Do. an i days of 
subsequent ex¬ 
posure to diffused 
sunlight 

In the dark 

30° thermostat ; 

0 

0 


25° thermostat 

0 

76 


laboratory room 
(19VLT) 

0 

80 


Glass house (33°-'14 ,, J j 

0 

61 

Instantaneous exposure 
to the mid-day sunlight, 

1 minute daily 

Glass house (33°-! 4°) j 

1 

1 

0 

66 

Do. 10 minutes daily 

! 

»» , 

j 

0 

73 

In diffused sunlight 

I .ahoratory room i 

(19°-13") ( 

85 

I 


Tabus XVI. 

Germination test in the dark, Experiment 4. 
Dryopteris viridescens , lot no. 6. 

Age of the spore, 38 days after collection. 



Temperature 

condition 

Per cent of 1 
germination 
in 10 days 

Do. in J days of 
subsequent ex¬ 
posure to diffused 
sunlight 

In the dark 

30° thermostat 

0 

0 


25° thermostat 

0 

74 


Laboratory room 

' 0 

82 


(19°-16°) 

i 


Instantaneous exposure, 

1 minute daily at noon 
to diffused sunlight 

Laboratory room 
(19°-I6°) 

i » ' 

i 

i 

86 

In diffused sunlight! 

Laboratory room 
(19°-15°) 

1 96 

1 

— 
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Table XVII. 

Germination test in the dark, Experiment 5. 
Dryopteris viridescent , lot no. 8. 

Age of the spore, 17 days after collection. 
Temperature, 25° thermostat. 



; Per cent of ger¬ 
mination in 7 days 

Do. in 5 days of sub¬ 
sequent exposure to 312 
m r. vacuum tungsten lamp 

In the dark 

0 

99 

312 me. 

vacuum tungsten 
lamp 

99 

! 

I 

i 


Table XVIII. 

Germination test in the dark, Experiment 6. 
Woodwardia orient alis , lot no. 8. 

Age of the spore, 17 days after collection. 
Temperature, 25° thermostat. 


In the dark 


_ ~~ r ~ Do. in 6 days of sub- 

minaiion in 7 ' sequent exposure to 312 

I_ y m c. vacuum tungsten lamp 

! 0 ! 93 


312 me. 

vacuum tungsten ; 91 

lamp 


Table XIX. 


Germination test under anaerobic condition. 





Per cent of germination 

Species; 
Age of the 
spore 

Temperature 

Illumination 

in 7 days since Control cul- 
in 7 days the subsequent ture, in 7 days 

under anaer- ! exposure to , in aerobic 
obic condition! aerobic condi- condition from 
| tion the beginning 

Equisetum 
lot no. 6d 

2 days 

. 19°-16° 

Diffused 

light 

i 

0 0 98 

l 
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Per cent of germination 

Species; 

Age of the 
spore 

Temperature 

Illumination 

in 7 days 
under anaer¬ 
obic condition 

in 7 days since 
the subsequent 
exposure to 
aerobic condi¬ 
tion 

Control cul¬ 
ture, in 7 days 
in aerobic 
condition from 
the beginning 

Dryopteris 
lot no. 6 

38 days 

1»°~16° 

Diffused 

light 

0 

0 

90 

Dryopteris 
lot no. 8 

20 days 

26° 

__ j 

312 m c. 
vacuum 
tungsten 
lamp 

0 

0 

99 

Woodwardia, 
lot no. 8 

20 days 

»♦ 

»» 

0 

87 

88 

Osm. japonica 
lot no. 6 b 

11 days 

21°-19° 

Diffused 

light 

0 

65 

92 

Osm. cin- 
namomea 
lot no. 6 

11 days 

»» 

0 

i 

32 

84 


Table XX. 

Comparison of the life of the spore. 

1. Woodwardia orientals , lot no. 5. 

Age of the spore (in days) j 68 76 82 92 107 127 138 174 191 244 

10 days J 70 84 85 78 77 68 21 0 0 0 

I 

21 days \ — — — — — — — 1 0 0 


2. McUteuccia struthiopteris , lot no. 5. 


Age of the spore (in days) 

79 86 93 

103 

118 

138 

149 

185 202 

Per cent of 

10 days 

58 66 72 

68 

63 

8 

0 

0 0 

germination 

21 days 

— — — 

— 

— 

— 

— 

— — 


Per cent of 
germination 
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Dryopteris i nndescens, lot no. 5. 

Age of the spore (in days) 

| 68 75 82 92 107 127 

Per cent of 

10 days 

96 98 67 62 0 0 

germination 

21 days 1 

- — — — 0 0 


4. Osmunda cinnamtmiea , lot no. 5. 


Age of the* spore (in days) 1 

23 

43 

54 

Per cent of 

7 days 1 

68 

7 

0 

germination 

14 days 

82 

10 

0 

Osmunda japonica , lot no. 5 

Age of the spore (in days) 

23 

43 

64 

Per cent of 

7 days ( 

5 

0 

0 

germination 

14 days 1 

8 

0 

0 

Equisetum arvense , lot no. 5. 

Age of the spore (in days) 


10 

24 

Per cent of germination in 7 day 

s 

87 

0 


T AHI.fr XXI. 

Effect of different storage, Experiment 1. 

Equisetum arvense , lot no. 7. 

Age of the spore, i. e. the duration of the storage is expressed in days (Tables 
XXI-XXIV). 




Age 

of 












^ Storage 
condition* 

the 

spore 

4 

10 

13 

19 

23 

29 

33 

36 

39 

52 59 



I 


97 

70 

12 

4 

9 

8 

1 

3 

1 

0 a 



II 


98 

79 

41 

79 

83 

81 

9 

8 

2 

*0 — 

i 

° s 


III 


95 

21 

26 

4 

4 

0 

0 




1 i 


IV 


99 

54 

28 

6 

0 

0 





Mi 


V 


98 

9 

8 

6 

2 

0.6 

0 

0 


i • 


VI 


98 

28 

75 

6 

12 

2 

0 

0 


lull . 






GERMINATION OF THE SPORES 


173 



Age of 
the spore 

Storage 

condition* 

4 10 13 

fc 

VII 

97 0 0 

*.s 

* s & 

VIII 

98 86 78 

IX 

97 64 0 

8|*- 

X 

96 61 20 

1 

XII 

97 — — 


23 20 33 36 39 62 60 


0 

0 


In these series of experiments (Tables XXI-XXIV), the following sets of 
combination of factors were studied which are tabulated below: 



Temperature-relation , 

Light-relation 

| Moisture-relation 

I 

refrigerator 

dark 

1 dry 

II 

»» 

♦» 

non-dry 

III 

26® thermostat 

,, 

j dry 

IV 

„ ; 

♦ » 

( non-dry 

V 

room temperature 


dry 

VI 

»♦ 

»» 

non-drv 

| 

VII 

»» 

diffused light 

dry 

VIII 

” i 

♦» 

: non-dry 

IX 

I 

red light 

i 

! 

X 

i 

blue light 


XI 

( -16°M-IO j 

dark 

I dry 

XII 

** j 

>* 

1 non-dry 

XIII 

room temperature 

diffused light 

j „ in IVgas 


Tabli: XXII. 

Effect of different storage. Experiment 2. 
Osmunda japonica, lot no. 6. 


Storage 

condition 

\Age of the 
X^spore 
Per s 'v 
cent germ, 'x 

16 40 00 124 162 186 207 340 388 422 600 666 

I 

in 7 days 

14 

81 60 — 30 13 16 10 — 18 1 0 0 

86 63 84 30 16 24 16 21 16 1 0 0 
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Storage | 
condition 

xAge of the 
X^spore 
Per X. 
cent germ/X 

16 40 90 124 162 186 207 840 888 422 600 666 896 


in 7 days 

62 54 - 0 0 

II 

„ U „ 

72 72 0 0 0 


„ 7 „ 

79 68 - 81 21 11 7 7 0 0 

111 

| „ 14 „ 

79 66 16 31 11 18 IS 4 0 0 


I *| 7 || 

4 0 - 

IV 

j It || 

4 0 0 


• « 7 yy 

64 61 — 8 0 0 

V 

14 „ 

| 64 60 14 6 0 0 


7 

»» » It 

j 66 8 - 0 

VI 

„ 14 „ 

I 60 fl 0 0 


»♦ 7 ii 

84 7 — 0 

VII 

,» 14 „ 

37 6 0 0 


i, 7 „ 

64 0 - 

VIII 

„ 14 ,i 

70 0 0 


7 

»t • n 

52 0 0 

IX 

„ 14 „ 

60 0 0 


7 

»» * it 

38 9 0 

X 

„ 14 „ 

42 0 0 


7 

ii * ii 

— — — 62 68 69 46 40 46 19 40 81 24 

XII 

„14 „ 

— - — 69 68 60 42 40 47 21 42 80 29 


7 

ii • ii 

71 20 accidentally lost. 

XIII 

„14 „ 

78 18 
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Table XXIII. 

Effect of different storage, Experiment 3. 
Ommnda cinnamomea, lot no. 6. 
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Table XXIV. 

Effect of different storage, Experiment 4. 
Dryopteris viridescens , lot no. 6. 



Age of the 











Storage 

condition 

' spore 
Per ' 

S4 

66 

89 

189 

173 

201 

234 

256 

293 

S17 


cent germ. 











f 

in 7 days 

84 

54 

81 

— 

69 

12 

0 

0 

0 

0 

„ H 

100 

79 

97 

86 

77 

43 

6 

1 

0 

0 


7 „ 

98 100 

94 

— 

0 

0 





II 

,, 14 

98 

98 

99 

92 

0 

0 






7 

64 

2 

0 

_ _ _ 







hi 

„ 14 

97 

10 

0 

0 








.. 7 .. 

70 

0 

0 








IV 

14 

76 

0 

0 









7 

»» * »» 

73 

47 

40 

— 

0 






V 

„ H „ 

98 

86 

26 

0 

0 






VI 

7 

II 1 It 

79 

11 

0 

— 







14 „ 

97 

21 

0 

0 








7 

It * »» 

71 

13 

0 

. _ 







VII 

,, 14 „ 

87 

17 

0 

0 








7 

»» * »» 

83 

97 

0 

_ 







VIII 

„ H „ 

96 

97 

0 

0 








7 

* It 

4 

0 

0 








IX 

„ H ,, 

20 

0 

0 









7 

ii * it 

40 

0 

0 








X 

„ 14 „ 

69 

0 

0 









7 

it • it 

83 

22 

0 








XIII 

„ 14 „ 

91 

51 

0 

0 
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Table XXV. 


Water content of the spores. 


Material 

Water content (in per 
cent fresh weight) 

Woodwardia orientalis, lot no. 8. 

5.9 

Dryopteris viridescens, lot no. 6. 

,» no. 8. 

9.80 

13.72 av<>ra K e 11-70 

Osmunda cinnamomea , lot no. 6. 

„ !, .no. 7. 

16.58 

16.25 ” 16,42 

Osmunda japonica, lot no. 6 a. 

„ no. 7. 

17.61 

16.99 ” 17,25 

~ Equiselum arvense, lot no. 6 c. 

„ no. 7 

45.50 

62.76 ” 49,18 


Table XXVI. 

Respiration intensity of the spore. 


Species 

Lot 

Age of the 
spore (in 
days) 

CO, produced 
hours per l g. 

in mg. per 24 
of the material 

at 26° ] 

at 15° 

Equisetum arvense 

no. 7 

G 

18.7 

— 

!» 

*♦ 

25 

13.58 

6.01 

»» ! 

f* 

88 

10.23 

— 

Woodwardia orientalis 

no. 8 

1 10 

0.67 

| 0.03 

Dryopteris viridescens 

n 

| »» 

0.11 

0 

Osmunda cinnamomea 

no. 7 

5 

0.83 

0.26 

Osmunda japonica 

♦» 

6 

0.33 

0 
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Table XXVII. 

Specific difference in the catalase content. 


Species 

Equisetum 
arvense 
lot no. 7. 

Osmunda 
japonica 
lot no. 7. 

Osmunda 
cinnam. 
lot no. 7. 

Dryopteris 
viridescens 
lot no. 8. 

Woodwardia 
orientals 
lot no. 8. 

Age of the spore 

5 days 

5 days 

5 days 

13 days 

18 days 

Dry matter in per cent 
fresh weight 

47.24 

83.01 

83.7 

5 

86.28 

94.10 

Time in minute 

5 

10 

m 

■ 

m 

m 

5 

10 

20 

5 

10 

20 

5 

■ 


6.S 

per 0.1 g, fresh 
weight 

58 

mi* 

82 

118 

164 

189 

m 

182 

195 

74.3 

93 

H 

33 

43 


per 0.1 g. dry 
matter 

m 

i 

151 

142 

m 

228 

179 

217 

232 

86.1 

108 

116 

85.1 

45.7 

53.6 

Per cent of germination 
in 17 days 


98 



98 


99 


91 


Tablk XXVIII. 

Catalase activity and germination capability as related to the age of the spore, 
Experiment 1. 

Equisetum arpense , lot no. 7. 


Age of the spore 

l 

> days 

13 days 

26 days 

1 yeai 

.ft 

Dry matter in per cent 
fresh weight 

47.24 

49.0 

50.4 

92.0 

Time in minute 

5 


20 

5 

24.3 

10 

E 

5 

m 

20 

5 

E 

20 

P 

5.9 

per 0.1 g. fresh 
weight 

58 

76 

82 

36 

45.3 

17 

24 

27.5 

6.7 

9.9 

11.8 

per 0.1 g. dry 
matter 

IS 


151 

57.4 

85 

m 

38 

54 

62.1 

7.8 

Q 

12.8 

Per cent of germination 
in 7 days 


98 

41 

81 

0 



*In this case, spores kept in dry condition was used as the non-dried 
material was moulded. 
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Table XXIX. 

Catalase activity and germination capability as related to the age of the spore, 
Experiment 2 . 

Osmunda japonica, lot no. 7. 


Age of the spore 

5 days 

63 days 

149 days 

1 

year 

Dry matter in per cent 
fresh weight 

83.01 

91.66 

92.00 


92.3 

Time in minute 

6 

10 

20 

6 

10 

20 

6 

10 

20 

6 

10 

20 

evolved 
in ce. 

per 0.1 g. 
fresh weight 

118 

164 

189 

116 

149 

168 

61 

76 

88 

41 

64 

68 

per 0.1 g. 
dry matter 

142 

198 

228 

126 

16S 

183 

66 

83 

96 


69 

63 

Per cent 
of germina¬ 
tion 

in 7 days 


96 



67 



38 



13 


14 .. 


98 



69 



40 



16 



Table XXX. 

Catalase activity and germination capability as related to the ago of the spore. 
Experiment 3. 

Osmunda cinnamomea, lot no. 7. 


Age of the spore 

5 days 

48 days 

| 141 da>s 

1 

- year 

Dry matter in per cent 
fresh weight 

83.76 

92.24 

i 

| 92.68 

93.0 

Time in minute 

6 

10 

: 

20 

6 

10 

20 

5 

10 

20 

5 

10 | 

20 

O, evolved 

per 0,1 g. 
fresh weight 

160 

182 

196 

76 

103 

114 

67 

92 

103 

63 

92 

100 

in cc. 

per 0.1 g. 
dry matter 

179 

217 

232 

82 

112 

124 

72 

99 

111 

68 

99 

108 

Per cent 
of germina¬ 
tion 

in 7 days 

99 

70 


65 



32 


„ 14 „ 

99 

76 


56 



33 
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Tablk XXXI. 

Effect of temperature and moisture condition in the storage method on the 
catalase content, Experiment 1. 

Equisetum arvense , lot no. 7. 

Age of the spore (duration of the storage), 35 days. 


Temperature condition 
Moisture condition 

Time in minute 

per 0.1 g. 

0 3 evolved fresh weight 
in cc. per 0.1 g. 

_ dry ma tter 

Per cent of germination 
in 7 days 


In the refrigerator 


In 25° thermostat 


Dry 

Not dry | 

Dry 


Not dry 

3 5 

10 8 5 

to! «| 

: 5 | 

10 


i 6 

10 

62.5 83 

Ws 0.5 16 

i - --- i 

2434.849.869.364.6:88.6 

112 

68.5 91 

10918.629.1 

46.639.4 

1 

56 

67.1 

— 

- 

— 

1 

9 

1 

0 


0 


Tablk XXXII. 

Effect of temperature and moisture condition in the storage method on the 
catalase content, Experiment 2. 

Osmunda japonica , lot no. 7. 

Age of the spore (duration of the storage), 53 days. 


Temperature condition 


In the refrigerator 


Moisture 

condition 


Dry 


Not dry 

Time in minute 

5 

10 

20 

5 

10 

20 

O* evolved 

per 0,1 g. fr. wt 

115 

149 

168 

41 

63 

77 

in cc. 

per 0.1 g. dry wt 

126 

163 

183 

60 

76 

93 

Per cent of 

r 

! in 10 days 


67 



0 


germination 

„ 17 


69 



0 
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Table XXXIII. 

Effect of temperature and moisture condition in the storage method on the 
catalase content, Experiment 3. 

Oamunda cinnamomea , lot no. 7. 

Age of the spore (duration of the storage), 48 days, 141 days. 


Temperature condition 


Moisture condition 
Time in minute 


O 2 evolved 
in cc. 

Per cent 
of germina 
tion 


per 0.1 g. 
fr. wt. 


per 0.1 g. 
dry wt. 

in 10 days 
„ 17 „ 


In the 
refrigerator 
(48 days) 


Dry 


5 

176 


10 

103 


20 


|Not dry 

20 


114j66| 

I82:il2124 , 69| 

-I-J- I—' 

70 
76 


10 

|77 

|96 

38 

43 


95 

119 


In 25° 
thermostat 
(48 days) 


tn the 
refri¬ 
gerator 
141 days] 


Dry 


Not dry 


5 

122 


10 


162 j 


2CW 


176 


54 


159|2ll|! 

70 


70 


10 


70 


65 85 


20 


In 26° 
thermostat 
(141 days) 


Dry 


10 


20 


|92; 103j 
111 


67 

104|72;99j 
55 
55 


Dry 


5 10! 


20 


811109123 
106142160 


I 


12 

16 


Table XXXIV. 

O.J evolution as influenced by the different procedure, Experiment 1. 
Equtsetum arvense , lot no. 7. 


Age of the spore 

i 

l 

6 days 


13 days 

1 year 

Time in minute 

i 

1 5 

10 

20 

6 ! 

10 

20 

5 

10 

20 

Os evolved (in 

spores ground 

68 

76 

82 

24.3 

36 

46.3 

6.7 

9.9 

11.8 

cc.) per 0.1 g. 
of the material 

„ intact 

8.2 

17.4 

42.4 

*A 

18.3 

24.0 

6.7 

9.2 

11.0 


Table XXXV. 


Do., Experiment 2. 

Oamunda japonica, lot nos. 6, 7. 
Spores kept dry in the refrigerator. 


Origin & age of the spore 

no. 

7, 6 days 

| no * 

6, 1 year 

Time in minute 


6 

1 10 

20 

5 

10 

| 20 

O 2 evolved (in cc.) 
per 0.1 g. of the 

spores ground 

118 

164 

189 

81 

114 

132 

- ■* - — 




_ 

21.6 

61.1 

material 

„ intact 

10.8 

19.0 

34.0 

10.1 
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Table XXXVI. 


Do., Experiment 3. 

Osmunda cinnamomea , lot nos. 6, 7. 
Spores kept dry in the refrigerator. 


Origin & age of the spore 

no. 

7, 6 days | 

i 

no. 

0, 1 year 

Time in minute 

5 

10 

20 

6 

10 

20 

Of evolved (in cc.) 
per 0,1 g. of the 
material 

spores ground 

160 

182 

196 

116 

168 

186 

„ intact 

6.8 

14.0 

28.0 

4.6 

10.8 

28.8 


P. S. After the manuscript was finished, I found a paper in which the relation 
of the longevity of pollen grains to the humidity in the storage condition is dealt: 
Holman, R. M. and F. Brudakkk, 1926, On the Longevity of Pollen. Univ. of Calif. 
Publ. in Bot., Vol. 13, No. 10. It is shown in the paper (pp. 183-184) that the 
vitality of pollen grains is kept better in artificially desiccated conditions than in 
ordinary air dry condition (i. e., exposed to the laboratory atmosphere), for the most 
species studied. It seems, therefore, a common property is shared in this respect by 
the pollen grains and the fern spores as a general rule (c. f. p. 151), 





The Seasonal Variation of the Glycogen Content in 
the Oyster, Ostrea circumpicta Pils.* 


By 

Katsumi Okazaki t and Satah6 Kobayashi. 

(The Biological Institute, the T6hoku Imperial University, Sendai.) 


Introduction. 

Bizio (1866) found 9.5 % of glycogen in the shell-freed total mass 
of the oyster, Ostea edulis. 

Mitchell (1915) reported the presence of the seasonal variation 
of glycogen in the cultured oysters at several districts in Massachusetts, 
in the United States. Using 12-20 individuals in each determination, 
he found that the glycogen content showed the minimum early in 
July, then it steadily increased in summer, though a slight fall occurred 
before the onset of the cold weather. The glycogen content reached 
the maximum of 20^ (in dried material) in winter. 

Russell (1923) studied also the seasonal variation in regard to 
the various chemical constituents of the cultured oysters in England. 
Each determination was made on the sample of 50 oysters. He showed 
among others that the glycogen content gradually declined from 
January to June, when it reached the minimum (about 20% in the 
dry weight). After June up to Septembec r -it'rose rapidly but from 
September to December, the rate of increase became slower. 

The glycogen content in the adductor muscle of Monomyaria has 
been determined by several investigators, but the seasonal variation 
was observed only by few. 2-2 A% of glycogen was found in the 
adductor muscls of Pecten irradians by Chittendon (1875). Boyland 
(1928) observed the changes of the glycogen content in the large 
adductor muscle of Pecten opercularis, in the different stages of the 

*A Contribution from the Marine Biological Station, Asamushi, Aomori Ken, and 
the Biological Institute, T6hoku Imperial University, Sendai. 

fDeceased, January 10, 1929. 
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reproductive cycles. Boyland found 0.61-1.1194 of glycogen betweeir 
the 1st and 11th days of January. 

So far as we are aware the glycogen content was determined with 
the oysters which were grown under special care' in the oyster bed 
for commercial purposes, and none was determined in the oysters 
grown in the natural state without human care. 

The present work was therefore undertaken to determine whether 
or not a difference is shown as to the glycogen content between the 
oysters grown wild and those grown in the oyster-bed as well as in 
the different seasons. 

For this purpose the oyster, Ostrea circumpicta , which is found in 
abundance in Mutsu Bay, was used and the variations according to 
the seasons wen* observed during March, 1928, to February, 1929. 
Although it was the intention of the writers to carry out monthly 
examination, only a few determinations were made during the season 
from November to March, owing to the unfavorable weather in winter. 
We may mention that in Mutsu Bay, where Ostrea circumpicta is 
found, the oyster cultivation was never attempted due probably to 
high salinity, rocky bottom and reefs, probable scantiness of the proper 
plankton organisms, etc., and thus the oysters which are found there 
are grown wild. 

We wish to acknowledge gratefully much valuable criticism from 
Prof. S. Hatai, and our thanks are also due to the members of the 
Marine Biological Station at Asamushi, who helped us with much 
kindness during the course of the present work. 

Material and Method. 

The oysters employed in this experiment were collected always 
from a definite place in Mutsu Bay near the Marine Biological Station. 
Glycogen was estimated by Pfluger’s method. The soft body was 
removed from the shell, and was weighed after quickly wiping the 
body surface with clean cheese cloth. In order to prevent the loss 
of the body fluid, the adductor muscle was dissected out in a large 
shallow porcelain dish and it was weighed separate from the remainder. 
The samples thus obtained were heated for ten minutes in boiling 
water to prevent further chemical alteration of glycogen. The heated 
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materials were dissolved in 60% solution of potassium hydroxide and 
subsequent analysis was carried out in the Biological Institute at Sendai. 

Results. 

The results are shown in Tables 1, 2, and 3, and the graphical 
representation in Fig. 1. 

From the data shown in Tables 2 and 3, of the glycogen content 
in the whole body without the adductor muscle and that in the muscle 
itself respectively, one may estimate the content in the whole body 
if these data are brought together, but we have also made direct 
determinations on the whole body, fearing that while removing the 
adductor muscle, the body fluid might be lost unawares. 

From Tables 1 and 2, one notices at once that the glycogen content 
varies widely not only with the seasons but also with the individuals. 

As to the variations due to the seasons, we notice from the average 
that the rise and fall of the glycogen content in the whole body and 
the body without the adductor muscle closely resembled each other, 
and a steady increase is shown from September or October on to 
July, when it reaches the maximum, which is followed by a sudden 
decrease in August. 

The decrease continues till the month of September at which 
period it becomes minimum (1.1 96 ). The significance of the sudden 
fall which was noted in April is not clear, but we are rather inclined 
to believe that it was merely casual, and thus the whole tendency of 
the curves may be considered as increasing after the month of October. 
Whether or not such cyclical variation occurs regularly in each year 
is not yet determined. It seems highly probable that the sudden fall 
of glycogen in August is related to the spawning as was already 
pointed out by Mitchell (1915), since the spawning of the oyster in 
Mutsu Bay seems to occur about the middle of August to the middle 
of September, at which period the glycogen content became minimum. 
Such a great fall of'glycogen content was reported by Mitchell (1915) 
to occur early in July in which the spawning takes place in the oysters, 
while according to Russell (1923) this fall of glycogen occurs in June. 

Whether the occurrence of the spawning of Ostrea circumpicta in a 
later season than that of the two other species mentioned above be due 
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to the difference of the species is not clear. However that an increase 
after the month of October in our oyster was due to the restoration 
after the spawning cannot be doubted. The maximum storage of 
glycogen, which occurs in August in the English oysters and in Novem¬ 
ber in the American oysters, occurs at about the month of March. 

The content of the glycogen in the whole body without the adductor 
muscle is always much less than that in the whole body from October 
to March but becomes greater from April to August. (Table 1, 2, and 
Fig. 1.) This greater accumulation of glycogen from April to August 
is probably associated with the greater development of gonads on one 
hand and the storage of potential energy for sexual activity during 
the subsequent month on the other. 

The glycogen content of the adductor muscle shows the similar 
seasonal variation, though its content is much smaller. 

It is evident from the curves that the glycogen is chiefly stored 
rather in the other parts of the body than in the adductor muscle. 

According to Amkmiya (1928), the breeding season of Ostrea cir- 
cumpicta in southern Japan begins early in July and lasts until late 
in July, being at its height in the middle of the month. Again, 
Ham ADA (1929) carried on the fertilization experiment at Tottori from 
the 26th of July to the end of August using Ostrea circumpicta, in¬ 
dicating that the breeding season starts about the beginning of July. 

From these data it is clear that the breeding season of Ostrea 
circumpicta in Mutsu Bay, which lies in the extreme north of the 
mainland of Japan (Honshu), takes place in a much later month. 
This fact suggests that the breeding season may be controlled chiefly 
by the temperature of the sea water. 

Comparing the glycogen content in the oyster in Mutsu Bay with 
that of cultured oysters which had been determined by the several 
investigators, no remarkable difference is found as will be seen from 
Table 4. 
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Table 1. 

Percentage of glycogen in the whole body. 


Date 

Weight of 
Oysters in g. 

Glycogen in g. 

Percentage 

Mean 

percentage 


42.0 

2.253 

6.366 



40.2 

1.770 

4.403 


March 9 

48.9 

1.986 

4.294 

4.000 


86.9 

1.120 

3.120 



46.4 

1.226 

2.699 



49.6 

1.622 

3.090 



40.6 

1.261 

3.090 


April 9 

30.1 

0.788 

2.618 

2.013 

46.7 

1.034 

2.214 



46.0 

0.948 

2.061 



43.9 

1.831 

4.170 



49.6 

1.381 

3.924 


May 8 

44.0 

1.076 

2.444 

2.962 


44.6 

0.973 

2.187 



36.2 

0.765 

2.087 



31.0 

1.336 

4.311 



39.3 

1.603 

4.078 


June 8 ‘ 

44.6 

1.803 

4.043 

3.606 


49.6 

1.511 

3.063 



46.6 

1.349 

2.040 



49.7 

2.340 

4.708 



41.0 

1.4:58 

3.498 


July 8 

27.2 

0.927 

3.408 

3.200 

49.9 

1.182 

2.370 



39.1 

0.788 

2.015 



46.2 

0.529 

1.147 


August 7 

60.0 

38.0 

0.453 

0.321 

0.906 

0.846 

0.916 


56.5 

0.421 

0.760 



36.0 

0.655 

1.870 



38.6 

0.466 

1.212 


September 9 

61.0 

0.682 

1.142 

1.142 

34.0 

0.276 

0.812 



38.0 

0.268 

0.678 



41.6 

0.963 

2.318 



48.3 

0.971 

2.009 


October 9 

41.5 

0.833 

2.007 

1.861 


42.3 

0.811 

1.918 



35.4 

0.342 

1 062 



87.2 

1.317 

3.540 


November 9 

34.8 

1.083 

3.111 

2.643 


43.0 

1.096 

2.647 
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Date 

Weight of 
Oysters in g. 

Glycogen in g. 

i 

Percentage 

Mean 

percentage 

November 9 

88.0 

86.0 

0.742 

0.649 

1.962 

1.667 

2.643 


41.0 

1.181 

3.107 



61.6 

1.816 

2.661 


December 26 

47.2 

1.031 

2.216 

2.436 


66.7 

1.226 

2.200 



46.8 

0.966 

2.109 



44.0 

2.006 

4.669 



37.0 

1.466 

8.968 


February 10 

49.1 

1.818 

3.702 

3.660 

87.2 

1.094 

2.941 



71.6 

1.888 

2.640 



Table 2. 

Percentage of glycogen in the body without the adductor muscle. 


Date 

Weight of 
Oysters in g. 

Glycbgen in g. 

Percentage 

Mean 

percentage 


43.6 

2.322 

4.328 


March 9 

40.6 

1.634 

3.778 

3.816 


38.6 

1.286 

3.340 



29.6 

0.902 

3.047 


April 9 

29.7 

0.833 

2.806 

2.708 

38.8 

0.881 

2.271 



26.1 

1.196 

4.682 


May 8 

24.6 

0.983 

3.994 

4.169 

36.8 

1.446 

3.930 



45.8 

1.492 

3.964 


June 8 

81.6 

1.228 

3.898 

3.844 


20.7 

0.790 

3.681 



38.6 

2.021 

6.621 


July 8 

37.6 

1.660 

4.181 

4.611 

42.1 

1.740 

4.132 



34.2 

0.699 

2.044 

, 

August 7 

24.7 

0.422 

1.707 

1.719 


46.8 

0.490 

1.406 

' 


89.0 

0.678 

1.614 


September 9 

47.1 

0.. 662 

1.407 

1.178 

44.5 

0.222 

0.498 
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Date 

Weight of 
Oysters in g. 

Glycogen in g. 

i 

Percentage 

Mean 

percentage 


29.4 

0.859 

2.921 


October 8 

37.1 

0.598 

1.611 

1.767 


58.4 

0.449 

0.769 



44.3 

1.134 

2.659 


November 9 

88.0 

0.776 

2.348 

2.26*3 


39.1 

0.742 

1.897 


1 

43.8 

1.237 

2.824 


December 26 

63.8 

1.8*0 

2.116 

2.313 


60.0 

1.199 

2.000 



62.9 

1.939 

3.083 


February 10 

48.0 

1.372 

2.868 

2.763 

45.9 

1.203 

1.466 



Table 3. 

Percentage of glycogen in the adductor muscle. 


Date 

Adductor muscle 
in (?. 

Glycogen in g. 

Percentage 

March 9 

19.6 

0.304 j 

1.543 

April 9 

22.6 

0.223 

0.982 

May 8 

17.6 

0.247 

1.406 

June 8 

18.8 

0.236 

1.260 

July 8 

20.3 

0.323 

1.691 

August 7 

16.2 

0.094 

0.5*38 

September 9 

18.0 

0.162 

0.846 

; October 8 

18.4 

0.168 

0.912 

November 9 

13.2 

0.167 

1.189 

December 27 

21.3 

0.220 

1.032 

February 10 

23.3 

0.339 

1.466 
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Table 4. 


Percentage of 
glycogen in the 
soft body 

Species 

Locality 

1 

Habitat 

1 

Investigator 

9.5 

Ostrea edulis 



Bizio (1866) 

‘20.-36. 

(in the dry 
weight) 

.. 

Whistable bed 
(England) 

Cultured 

Russell (1923) 

2.77-21.60 
(in the dried 
material) 


Massachusetts 
(United States) 


Mitchell (1916) 

4.184 

(in Winter) 

Ostrea gigas 

Kanazawa 
(Kanagawa Ken, 
Japan) 

*> 

Sekine (1920) 

0.916-4.000 

Ostrea 

circumpicta 

Mutsu Bay 
(Japan) 

not cultured 

Okazaki and 
Kobayashi (1929) 



Fig. 1. Showing the seasonal variation of the glycogen content in the 
oyster, Ostrea circumpicta Pils. 


Summary. 

1. Ostrea circumpicta is found naturally in Mutsu Bay. The 
glycogen content in Ostrea circumpita shows the seasonal variation. 
It reaches maximum (4 % of glycogen) in July and reaches minimum 
(19^) at about September. After September it increases continuously 
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till July again. Breeding occurs during the months of August and 
September at which period the glycogen content becomes minimum. 

2. Glycogen content in the adductor muscle is always less than 
in the rest of the body. 

3. Glycogen content in Ostrea circumpicta is not noticeably dif¬ 
ferent from that in the other cultivated oysters. 
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Lactic Acid and Glycogen in the Adductor Muscles of 
the Oyster, Ostrea circumpicta Pils.* 

By 

Sataro Kobayashi. 

(The Biological Institute, the Tfthoku Imperial University, Sendai.) 


Introduction. 

The researches on lactic acid in Molluscan muscle have been done 
by several investigators. Henze (1905) has found in Octopus muscle 
a small amount of lactic acid (0.01^) and no glycogen, and in 1912 
Starkenstein and Henze were able to detect glycogen in muscles 
and livers of Octopus and Aplysia. As to the adductor muscle in 
Lamellibranchs, Boyland (1928) carried on quantitative studies using 
the adductor muscles in different scallops such as Peden opercularis, 
P. maximus, P. varius, etc. On the contents of lactic acid, glycogen, 
and lower carbohydrates, under various conditions, he concluded that 
the order of lactic acid production varies as that of activity, and thus 
the acid production and muscular activity are closely related. Further¬ 
more, the small adductor muscle could produce more lactic acid than 
the large adductor muscle. Furusawa and Kerridge (1927) measured 
the change of pH in the muscles of various marine animals including 
the adductor muscle of Peden opercularis, and found a definite acid 
increase (7.06-6.33) on standing for 24 hours after death. The adduc¬ 
tor muscle of the oyster consists of two distinct parts, a large rounded 
and a small white crescent part, the latter beeing attached to the 
posterior side of the former. Since these two parts are thus anatomi¬ 
cally distinct, we may anticipate that they are also functionally different 
from each other. For convenience, these two parts will be designated, 
the former “ the large adductor muscle ” and the latter “ the small 
adductor muscle ” in this paper. From this fact just stated, I attempted 

*A contribution from the Murine Biological Station, Asamuahi, Aomori Ken, and 
the Biological Institute, T6hoku Imperial University, Sendai. 



194 


S. KOBAYASHI 


to estimate the normal content of lactic acid and its production under 
experimental conditions in these two adductor mucles in the oyster, 
Ostrea cireumpkta Pils, and the results of this investigation are reported 
in the present paper. 

The experiments were undertaken at the Asamushi Marine Bio¬ 
logical Station from August to September, 1928, in the spawning 
season of the oyster, and a few observations on glycogen content of 
the oysters collected during the months of October and November 
were added. 


Technique. 

The oysters collected were immediately used, since this investigation 
requires the materials in the possible freshest condition. From the 
oysters which without shells weigh 40-80 gins, may be collected 5-7 
gms. of the large adductor muscle, and about 1 gm. of the small 
adductor muscle. 

The colorimetric method after Mendel and Goldscheider was 
used, which requires as small an amount of muscle as 0.3-0.5gms. 
for correct estimation of lactic acid content. Immediately after the 
adductor muscle was removed from the shell, the large and small 
adductor muscles were quickly separated and were placed on the ice- 
cooled glass plate. The sample thus collected was minced until it 
became paste. Then, 0.3-0.5 gms. of each muscle was placed in the 
previously weighed bottle containing 1 cc. of the 5 96 metaphosphopric 
acid solution, which was prepared shortly before the collection of the 
materials, and the bottle was reweighed in order to find out the 
weight of the muscle used. A 5% solution of metaphosphoric acid 
must always be freshly prepared from acidum phosphoricum glaciale 
just before its use, and in no instance should be it used after 24 hours. 

A difinite volume (6-8 cc.) of distilled water was added and stirred 
with a glass rod. After standing 50-60 minutes, the mixture was 
shaken and filtered. 2-3 cc. of the filtrates were transferred into a 
centrifuge tube, and then made up to a difinite volume of 4cc. by 
addition of distilled water. To this solution, 1 cc. of saturated copper 
sulphate solution cooled in the ice water and 1 gm. of calcium hydro¬ 
oxide were mixed, then vigorously shaken and kept standing for 30 
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minutes. The clear solution was obtained by centrifugalising and was 
filtered through glass wool or filter paper. The object of this proce¬ 
dure was to remove protein and carbohydrate from the solution. After 
the removal of protein and carbohydrate by the above procedure, 
0.5 cc. of this solution was taken and to this were added 3cc. of 
concentrated sulphuric acid (Merck's reagent, Specific gravity 1.84) in 
order to produce a concentration of 85^ or more of acid. This 
mixture thus made was warmed in the water bath at the boiling point 
for 4 minutes. It was then immersed into the ice water for 2 minutes. 
After cooling, 0.1 cc. of veratrol solution (0.125^ in pure alcohol) 
was added and allowed to stand for 20 minutes. 

A pink colour was gradually developed which finally turned into 
red. 

This red coloured solution was compared with the standard solution 
for indirectly estimating the concentration of lactic acid by means of 
the Duboscq-Pkllin colorimeter. 

The standard solution was prepared by properly mixing the aqueous 
solution of carbolfuchsin and a small amount of orange G. This 
solution was previously standardized with the lithium lactate solution 
of a known concentration (0.0067 gms. in lOOcc. of distilled water). 

For the estimation of glycogen in the adductor muscle, the Pflugers 
method was employed. In this experiment, each adductor muscle of 
the oyster was cooled in the freezing mixture of sodium chloride and 
ice before it was used, in order to prevent the conversion of glycogen 
into lactic acid. 


Result. 

1) LACTIC ACID AND GLYCOGEN CONTENTS OF THE 
ADDUCTOR MUSCLES IN FRESH MATERIAL. 

A) Lactic acid content in the adductor muscles. 

The oysters having the body weight of 30-80 gms. without the 
shell, were treated by the method above described, and the data 
obtained from 12 individuals are separately given in Table 1. The 
mean values of lactic acid content of the two kinds of muscle are as 
follows: 
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Extremes Mean 

Large adductor muscle 0.0369-0.081096 0.060496 

Small adductor muscle 0.0548-0.131996 0.101296 


Table 1. 

Lactic acid content in the adductor muscle. 


Large adductor muscle 

Small adductor muscle 

Weight of 
muscle in g. 

0.5503 

Lactic acid 
in mg. 

Lactic acid, 

Weight of 
muscle in g. 

Lactic acid 
in mg. 

Lactic acid. 

0.2028 

.. - 

0.0369 



0.4525 

0.2031 

0.0449 

0.3723 

0.3070 

0.0825 

0.3823 

0.1736 

0.0454 




0.5514 

0.2636 

0.0478 

0.2959 

0.2766 

0.0934 

0.3075 

0.2075 

0.0522 

1 



0.4049 

0.2415 

0.0596 

0.2806 

0.2937 

0.1047 

0.4390 

0.2624 

0.0598 

0.4585 

0.2515 

0.0648 

0.4530 

0.3286 

0.0725 

0.2861 

0.3615 

0.1230 

0.4980 

0.3636 

0.0730 

0.3263 

0.4041 

0.1238 

0.3768 

0.2892 

0.0768 

0.2930 

0.2920 

0.1000 

0.4637 

0.3685 

0.0795 

0.3957 

0.3971 

0.1004 

0.5161 

0.4178 

0.0810 

0 5973 

; 

0.7213 

0.1201 




0.3676 

0.2965 

0.0829 




0.3068 

0.2943 

0.0964 




0.8483 

i 

0.4694 

0.1819 


As will be seen from Table 1, there are wide ranges pf variations 
in the content of lactic acid among the individuals, and furthermore 
a greater amount of lactic acid found in the large adductor muscle 
does not necessarily give a greater amount of the acid in the small 
adductor muscle. In general, the small adductor muscle contains a 
slightly greater amount of the acid than the large adductor muscle, 
in the fresh condition. 
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B) Glycogen content in the adductor muscles . 

Meyerhof (1920, 1921) has found in the amphibian muscle that 
the amount of lactic acid formed in muscle is quantitatively related 
to the amount of glycogen converted. Glycogen in the adductor muscle 
was determined in the oysters which were collected at the beginning 
of October and November, 1928. 

The results are given in Table 2. 


Tablk 2. 

Glycogen contents of the adductor muscles. 



Number 

1 f 

Large 

adductor muscle 

Small adductor muscle 

Date 

of 

individuals 

Weight of 

Glycogen 

Glycogen, 

Weight of 

Glycogen 

| Glycogen, 


muscle in g. 

in g. 


muscle ing. 

in g. 

'«r 

October 

9th 

10 

24.0 

| 0.2679 

1.12 

9.0 

0.1289 

1.43 

November 

10th 

r 

n 

! 

24.2 

0.2686 

1.07 

11.1 

0.1436 

1.29 


The figures show that a considerable difference is found in the 
amount of glycogen contained in these two muscles, and the small 
adductor muscle contains a greater amount of glycogen than the large 
muscle, as in the case of lactic acid. 

The real values of glycogen content as well as lactic acid content 
in normal condition cannot be obtained, for instance owing to unavoid¬ 
able stimulation applied to the adductor muscles, when these are 
removed from the shell. In addition to this disturbance just stated, 
it is necessary to consider the spawning season in my experiment, 
since during this period the shell movement becomes more active, as 
Nelson (1920, 1921) has already observed, and as my material was 
collected during such a season, it inevitably follows that the glycogen 
content in muscles in the other seasons may show more or less dif¬ 
ference from the values here given. 

2) POST-MORTAL PRODUCTION OF LACTIC ACID IN THE 
LARGE AND SMALL ADDUCTOR MUSCLES, 

Furth (1915) investigated the production of lactic acid during 
autolysis of normal human muscle and liver compared with those taken 
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from a patient who died of diabetes, and found that the latter yield 
a smaller amount of lactic acid than the normal tissues. 

In 1927, Schmitt-Krahmer observed the post-mortal production of 
lactic acid in the several kinds of muscle of pigeon and chick, and 
reported that the acid production varies with different muscles which 
are functionally different. 

Ritchie (1926) observed in the muscles of three species of fish, 
that the amount of lactic acid produced during rigor mortis (suspended 
in phosphate solution) is correlated to the relative activity of the species. 

My own observations on the post-mortal production of lactic acid 
in both adductor muscles in the oyster are now given. 

A) ImcUc acid production in the muscles incubated at 45*-48'C. 

The two kinds of muscle freshly collected were separately placed 

in an open dish, and then incubated for 3 hours in the incubator 
saturated with moisture' to prevent the escape of water from the 
muscle. 

The results of determination are given in Table 3. 

As the control, the content of acid was immediately determined 
on a portion of the same samples, which were incubated. 

From these data, the post-mortal production of lactic acid is much 
greater than that found in the fresh condition, and the small adductor 
muscle produced a greater amount of acid than the large adductor 
muscle. 

This result thus agrees in general with the results obtained, for 
instance, by Fletcher (1907, 1911) who reported that the lactic acid 
production is gradually increased during incubation at several grades 
of temperature up to 38° C. 

B) Lactic acid production per hour from each adductor muscle incubated 
at 37°-3S°C. 

Lactic acid was estimated at successive hours after incubation (20 
min., 40 min., 1, 1.5, 2.5, 3.5, 6 and 7 hrs. respectively). The results 
obtained from both the large and small adductor muscles are given 
separately in Table 4 and 5, and the same data are plotted in 
Fig. 1. 

With the increase in time after incubation both the large and 
small adductor muscles show steady increase in acid production. 1 
further noticed that the small adductor muscle produces a much greater 
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Table 4. 

Lactic acid production of the large adductor muscle incubated 
in the thermostat (37°-38°C). 






Body weight in g. 




Hours 

after 


60.6 



30.0 



46.3 


incubation 

Weight 

Lactic 

Lactic 

Weight 

Lactic 

Lactic 

Weight 

Lactic 

Lactic 


of mus- 

acid 

acid, 

of mus- 

and 

acid, 

of mus* 

acid 

acid. 


cle in g. 

in mg. 

% 

cle in g. 

in mg. 

?o 

cle in g. 

m mg. 

°o 

In fresh 
material 

0.5603 

0.2028 

0.0369 

0.3823 

0.1736 

0.0464 

0.3976 

0.2075 

0.0622 

20 min. 

0.3762 

0.2116 

0.0664 




0.3447 

0.2366 

0.0683 

40 min. 




0.2830 

0.2406 

0.0860 




1 hr. 

0.3709 

0.2620 

0.0670 




0.3C27 

0.2290 

i__ 

0.0768 

1.5 hrs. 




0.4205 

0.3608 

0.0834 




2.5 hrs. 

0.4509 

0.3626 

0.0782 




0.2636 

0.2230 

0.0879 

3.6 hrs. 




0.2706 

0.2806 

0.1064 

j 



6.0 hrs. 







0.3691 

0.3200 

0.0867 

6.6 hrs. 




0.2656 

0.4176 

0.1634 




7.0 hrs. 

0.6733 

0.5990 

0.1046 








Tabu: 5. 

Lactic acid production of the small adductor muscle incubated 
in the thermostat (37 -JtfPC). 






Body 

weight 

in g. 




Hours 

after 


67.4 



60.6 



66.8 


incubation 

Weight 
of mus¬ 
cle in g. 

Lactic 
acid 
in mg. 

Lactic 

acid, 

% 

Weight 
of mus¬ 
cle in g. 

Lactic 
acid 
in mg. 

Lactic 

acid, 

'! o 

Weight 
of mus¬ 
cle in g. 

Lactic 
acid 
in mg. 

Lactic 

acid, 

as 

r O 

In fresh 
material 

0.3576 

0.2966 

0.0826 

0.3063 

0.2943 

0.0964 

0.3483 

0.4594 

0.1319 

1 hr. 




0.3403 

0.4666 

J 

0.1342 

_ I 



2 hrs. 

0.3461 

0.4614 

0.1337 







3 hrs. 

__ 



0.3519 

0.7484 

0.2127 

0.2381 

_ 1 

0.4436 

0.1863 

5 hrs. 

0.4180 

0.7367 

0.1762 







6 hrs. 




0.2834 

0.7163 

0.2624 

0.1920 

0.6441 

0.2834 
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Time in hoUrt. 

Pig. 1. Showing the post-mortal Isctic add production in the large and 
small adductor muscle* Incubated at 37* 38* C. 

amount of acid than the large adductor muscle throughout entire period 
at incubation. 

Although there is a strong tendency in the large adductor muscle 
to relatively greater formation of add during the earlier period of 
incubation, such a tendency is not evident in the case of the small 
adductor musde. 

This difference in the production of acid in each adductor muscle, 
seems to indicate that these two muscles differ functionally from each 
other, as Boyland (1928) has already pointed out in these two kinds 
of muscle of Pecten. 

3) LACTIC ACID CONTENT IN THE ADDUCTOR MUSCLES 
FATIGUED BY LOADING. 

It is genorafy believed that formation of lactic acid is affected by 
the amount of work done by the muscle and that a relatively greater 
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amount is found in fatigued muscle (Fletcher and Hopkins 1907, 
Meyerhof 1921). 

To determine whether or not this statement is also true with the 
muscles of the oyster the following experiment was made. 

2-7kgms. of weight were hung at the margin of one side of the 
shells and the other shell was fixed on the support. The oyster thus 
prepared, was kept in a large vessel which was filled with running 
sea water. 

The shell movement of the oyster was recorded by the kymo- 
graphic method. The oyster under such circumstance shows vigorous 
shell movement in rapid succession, but sooner or later its motion 
stops entirely, owing probably to the fatigue of the muscles concerned. 
At this period, the adductor muscles were removed from the oyster 
and the estimation of lactic acid was carried out in the same way as 
previously stated. The results obtained are given in Table 6. 


Table 6. 

Lactic acid contents in the adductor muscle fatigued by loading. 


Body 
weight : 
in g. 

Large adductor muscle 

Small adductor muscle 

Weight 

Time m 


Weight 
of mus¬ 
cle in g. 

Lactic 
acid 
in mg. 

I^actic 

acid, 

% 

Weight 
of mus¬ 
cle in g. 

, Lactic 
acid 
• in mg. 

| Lactic 
acid, 

°Z 

of 

load¬ 

ing 

hours of 
load¬ 
ing 


82 

0.3107 

0.2211 

0.0712 

0.2985 

j 0.3656 

0.1225 

6 

28 

Small adnurtoi 
muscle whs tut 
l>v loading. 

27 

0.3800j 

0.3094 

0.0814 

0.3158 

0.3858 

, 0.1213 

2 

84 


38 

0.4603 

0.4277 

0.0929 

0.4231 

0.4744 

0.1074 

7 

60 


25 

0.4290 

0.4256 

0.0985 

0.4827 

0.4420 

0.0916 

5 

24 


40 

0.3279 

0.4808 

0.1466, 

0.5274 

0.4865 

0.0923 

7 

48 


46 

0.3516 

0.6319 

0.1798 

0.3466 

0.6930 

0.1711 

5 

24 

Small adduc tor 
muscle was cut 
by loading. 

Mean 



0.1117| 


i 

0.1361 





The figures given in Table 6 indicate that the lactic acid content 
of each adductor muscle widely varies among the individuals, but in 
every instance it is greater than that found in the muscles in normal 
condition. The mean values of acid content are given in the following: 
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fatigued normal (see page 196) 
Large adductor musle 0.111796 0.0604 % 

Small adductor muscle 0.136196 0.101296 

The lactic acid content of the large adductor muscle is slightly 
less than that of the small adductor muscle, contrasted with much 
greater difference found in the normal fresh muscles: in other words 
the acid production is greater in the large adductor muscle than in 
the small adductor muscle as the result of fatigue. 

This difference in the rate of formation of acid seems to mean 
that the work done by the large adductor muscle is greater, as the 
result of fatigue, than that done by the small adductor muscle. 

From the data shown by the experiment, it may be considered 
that the small adductor muscle of the oyster post mortem can produce 
a greater amount of lactic acid than the large adductor muscle, as 
Boyland (1928) found in the Pecten muscle, but does not so much 
work as done by the large adductor muscle under loading. 

In concluding, I wish to express my sincere thanks to Prof. S. 
Hatai and the late Assist. Prof. K. Okazaki for their valuable 
suggestions and encouragement during the work. 

Summary. 

1) Lactic acid was estimated in the large and small adductor 
muscles of the oyster, Ostrea circumpicta Pils, and a few observations 
on the glycogen content of these two muscles were made of the 
materials collected during the months of October and November. 

2) In the fresh condition, the small adductor muscle contains more 
lactic acid than the large adductor muscle, and the same relation was 
also found on glycogen content. 

3) The post-mortal production of lactic acid in these two muscles, 
which were incubated at 45°-48°C. for 3 hours, is much greater than 
those in the fresh condition, and the small adductor muscle produces 
a much greater amount of acid than the large adductor muscle. 

4) In the post-mortal production of the acid in the successive 
hours of incubation at 37° 38°C., the small adductor muscle produced 
at all periods a much greater amount of acid than the large adductor 
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muscle. A strong tendency of increased acid production is found in 
the large adductor muscle at the beginning of incubation, but such 
tendency is not evident in the small adductor muscle. 

5) In the muscles fatigued by loading 2-7 kgms. of weight, the 
lactic acid content of the large adductor muscle is slightly less than 
that of the small adductor muscle, though greater in both than in 
the normal muscles. The acid production under loading is greater in 
the large adductor muscle than in the small adductor muscle. 
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Studies on the pH and the COg-Content of the Blood, 
Pericardial Fluid, and the Body Fluid of the Oyster 
with Special Reference to their Response to 
the Altered Condition of Sea Water. 


By 


Seiji Kokubo. 

(Marine Biological Station of the T6hoku Imperial University, 
Asamushi, Aomori-ken) 


Introduction. 

The present investigation has been intended not only to swure 
the definite data in regard to the hydrogen ion concentration and the 
CO,-content in the blood, pericardial fluid, and the body fluid of the 
oyster, but also to define the relation which exists between the afore 
mentioned fluids and sea water, inasmuch as these fluids stand in close 
connection to each other in the body of the oyster. Furthermore the 
sea water which com prist's the environmental medium of the animals 
may be thought to have some direct bearing upon these fluids, and 
hence the study of this relation must have an important bearing upon 
the physiology of the oyster. 

The saline solution used in the perfusion of the heart of higher 
animals has the pH closely allied to that of the pH of the blood. 
Whereas, according to the work of Takatsuki 0 which was under¬ 
taken in our laboratory, the oyster heart survives better in sea water 
than in the ordinary saline solution, continuing the pulsation as long 
as 14 days in some cases, provided the proper temperature is maintained 
during the experiment. As is well known the composition of the 
blood of some low marine animals shows a close resemblance to the 
composition of sea water. I have reported in my previous paper 0 
that the pH of the blood of Area (a large bivalve) shows a high 
alkalinity of pH 7.75 in ordinary cases, which closely resembles that 
of sea water and makes a distinct contrast with that of the marine 
fishes which have a much lower pH than this value. I presumed the 
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long survival of the oyster heart in sea water may be due to the 
similarity of chemical composition of these solutions, though it was 
found on the contrary that the blood, pericardial fluid, and body fluid 
have no similarity to the* sea water so far as the value of pH is 
concerned. 

Collip^ found that the coclomic fluid of Mya arenaria alters 
its components, especially its COj-content, by exposing the animal to 
some gas instead of water, and he stated that this change may be 
attributed to the increase of alkali reserve of coelomic fluid from the 
dissolution of shell carbonate, on account of an increase of CO, in 
the blood by respiration. Although this is an interesting study, it is 
to be regretted that the method employed here was relatively rough 
and also lacked the determination of pH of his 4 clam juice \ In my 
present investigation the pH and C0 2 *content of (1) Blood, (2) Peri¬ 
cardial fluid, and (3) Body fluid were determined with a view to find 
the relation existing between these fluids and the sea water by placing 
the oyster in different experimental conditions. 

ACKNOWLEDGMENT. 

I wish to take this oppotunity of expressing my deepest thanks to 
Prof. Shinkishi Hatai, who was kind enough to give me many helpful 
suggestions during the whole course of this investigation, and who has 
throughly read the manuscript, making a full revision and criticisms. 
Further I wish to extend my thanks to Mr. Tadashi Tamura, whose 
willing assistance enabled me to carry out the detailed method. 

Finally, I desire to acknoweldge that financial aid rendered by The 
Saito Gratitude Foundation has mot the expense of purchasing the 
experimental instruments used in the present investigation, and has 
enabled me to undertake the work in full facility. 

I. Material. 

The material employed was a Japanese oyster, Ostraea circumpida 
Pils. which is found in quantities in the near vicinity of our station. 

The heart is situated just above the adductor muscle suspended in 
the pericardial fluid which fills the pericardial cavity. The pericardial 
cavity is triangular shaped, and has a length of about 20 mm. in a 
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specimen of 10 to 15 cm. in shell length. In such a specimen the 
heart becomes as large as 15 mm. in diameter when fully expanded, 
filling the whole pericardial cavity. 

To obtain the pericardial fluid, a syringe needle was inserted 
carefully into the cavity so as not to harm the heart and then the 
fluid was gently drawn out. In a large specimen such as exceeds 
15 cm. in length 1.5 cc. of the fluid can be obtained at one time. 
Though the pericardial cavity becomes empty after this collection, it 
will be refilled by the fluid after 3 -5 minutes. Kven when this second 
accumulated fluid is taken off, the cavity will be filled thrice by the 
fluid in the course of 30 minutes. Thus some 15 cc. of fluid can be 
collected from a single oyster by successive collections. The fluid 
collected secondly or thirdly is likely to be of the same character as 
that first taken, and no differences are found in the value of pi I when 
compared with one another. However, the fluid shows an increase 1 of 
about 0.1-0.2 in pH, one to several hours after the cavity is opened. 
Such increase of pH which is also seen ‘ in vitro ’ is presumably be 
attributed to the evaporation of free CO a from the fluid. 

The blood is collected by inserting the syringe needle into the 
heart which is suspended in the pericardial fluid. 15 cc. of blood can 
be collected when a large specimen is used. Although the heart 
usually shrinks after a blood collection, it swells again after a while? 
and hence t to 6 cc. of blood is obtainable, provided the syringe needle 
remains in the heart. The heart beat continues even after such a 
quantity of blood is withdrawn, but it does not swell so much as 
before. 

The body fluid is a juice which oozes out from the body tissue 
when the shell is opened. Strictly speaking, this juice is a mixture 
of tissue juice, blood, and sea water which remains around the mantle 
and gills. The body fluid should be collected before other fluids, as 
it will be abnormally mixed with blood and pericardial fluid when the; 
pericardial cavity is perforated. 

To collect these fluids from the specimen the shell was carefully 
opened so as not to harm the pericardium, and after removing the 
sea water from the mantle cavity, body fluid was collected in a test 
tube, and both the blood and pericardial fluid were carefuly collected 
in the manner already stated, avoiding at the same time contact with 
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air, and by previously filling a syringe needle with paraffin oil. The 
fluids thus collected were transferred into the test tube under the 
paraffin oil. 


II. Method. 

a. Preparation of the breathing water. To change the pH and 
the COt-content of the blood and pericardial fluid 4 in vivo ’, the oyster 
was placed for a definite time in sea water in which was added a 
certain quantity of acid or alkali with a view to decrease or increase 
the hydrogen ion concentration. The sea water used for experiment 
was the tap water of the laboratory with the specific gravity of 1.0228 
to 1.0245 in varying temperatures and the alkalinity of pH 7.90 to 
8.20 in the course of experiment. Two litres of sea water to which 
an adequate quantity of HC1 or NaOH was added was taken in a 
glass jar measuring about 23 cm. in diamer and 13 cm. in depth, and 
the oyster was submitted to respiration in this jar. The water was 
changed during the experiment when needed. 

For the acid experiment three gradients of acidity were chosen, 
that is pH 5.00, pH 3.00, and pH 1.20. For the alkali experiment 
also, three gradients of pH 9.00, n/100, and n/50 solution of NaOH 
made with sea water were used. White precipitate of magnessium 
hydroxide produced by the addition of alkali was removed and the 
titer was titrated against half normal oxalic acid solution. 

6. Determination of pH. The pH of the blood, pericardial, 
and body fluid was for the most part determined colorimetrically. To 
the blood placed under the paraffin oil in the test tube was added 
an indicator and the colour was compared with the standard colour. 
In normal cases the phenol red was preferred as the indicator, although 
brom thymol blue or thymol blue was used in cases where the acidity 
or alkalinity was altered by an addition of acid or alkali. As the 
blood, pericardial fluid, and body fluid have no considerable turbidity 
the colorimetrical determination was successfuDy performed. By this 
method, however, the results may be accompanied by the salt or 
protein error, so that the pH was also determined by measuring the 
EMF by the gas chain method for correcting the errors just 
mentioned. 
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The measurement of EMF in blood and other fluids of oyster 
was anticipated to be very difficult on account of its poor buffer, but 
contrary to my anticipation the EMF was found to be measured 
with much ease, as well as with stability and accuracy. 

The electrode employed in the present investiga¬ 
tion was a micro electrode which was devised by 
me for the object of measuring the pH of blood 
{Fig. 1). This electrode has a cylindrical form 
measuring 5 cm. in length and 0.9 cm. in diameter 
and makes possible the pH determination by using 
1 cc. of the sample. A small piston (a) with pla¬ 
tinum electrode slides freely inside the small cylinder 
(b). In using the electrode the piston (a) is first 
removed and then the capillary tube (c) is covered 
by a small rubber cup (d). After pouring the sample 
into the tube (b) the piston (a) is inserted and the 
rubber cup (d) is taken off. The piston of the 
platinum electrode in the tube can be kept any¬ 
where wanted by fixing the sliding piston with a 
clip (e) attached. For the introduction of hydrogen 
gas a capillary tube connected with Kipp's apparatus 
is inserted into the cylinder through the tube (c). 

When the platinum black is saturated with hydrogen, 
the piston (a) is pushed slightly, and naturally a 

small portion of the fluid drops from the tube (c). Herewith the 
electrode is immersed in the KC1 solution by the? tube (e), and E M 
F is measured by a potentiometer in the ordinary way. If, in this 

case, the electrode is filled with a sample with an indicator, it may 

be compared with a pH colorimeter and both the electrometric and 
colorimetric determinations can be simultaneously accomplished. The 
special advantages of this electrode are first that it needs no agar 
tube in connecting the sample with the KCJ vessel and secondly that 
the temperature of KC1 can be taken as the temperature of the 

measuring * sample, inasmuch as the lower half of the electrode may 
be dipped into the KC1 solution. If this electrode were made smaller, 
0.5 or 0.2 cc. of sample would be enough for each determination. 

In the present investigation the gas chain arrangement was standar- 
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dized at least three times a day against standard acetate solution 
before, during, and after the work. In each determination 7 EMF 
readings were taken within 30 minutes, and the change of EMF in 
the range of 1/10 millivolt was carefully observed and averaged. 

c. Determination of COrcontent. The C0 2 -content has been de¬ 
termined by a manometric blood gas apparatus of Van Slyke. The 
pipette of our apparatus was of 50 cc. content. Sample used was 1 cc. 
for each determination, ‘S’ i. e. the volume of solution in extracting 
chamber was 3.5 cc, 4 a ’ i. e. the volume of gas when the manometer 
is read at t° was 2.0 cc. The factor 4 i ’ has been assumed to be 
1.017. Therefore vol % factor was taken from Van Slyke’s article 
without making any modification. 4 C ’ correction was determined to 
be 1.2 mm for an addition of 0.2 cc of 5 n NaOH solution. 


111. Results. 

A. THE pH OF THE BLOOD, PERICARDIAL FLUID, AND 
BODY FLUID MEASURED COLORIMETRIC ALLY. 

1. The pH of the Blood. 

87 determinations (53 determinations given in r table 1, and 34 
determinations given in table 5) which were made on the normal 
individuals showed a pH value of 7.24 in mean. The highest value 
of all the determinations has been found to be pH 7.80, which was 
observed in the cases of early winter given in Table 5 (specimen 
No. 27-34), and the lowest value of all has been found to be pH 
6.70 which was observed in the ease of No. 16 given in Table 1. 
All these determinations, however, are considered better divided into 
the following four groups, inasmuch as they were made out in four 
different seasons. 


Season ] pH value 

(1) Early summer pH 7.15±0.023 

(2) Midsummer ! pH 7.38±0.067 

(3) Early autumn i pH 7.18±0.078 

(4) Early winter j pH 7.68±0.066 


Date of experiment 

VII, 31 VIII, to 4 (Table 1, No. 2-54) 

VIII, 14 (Table 5, No. 1 20) 

I X, 2-15 (Table F, No. 21-26) 

j XI, 19 (Table 6, No. 27-34) 


From the figures given above one will be struck by the presence 
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of a strong tendency showing a regular seasonal change, with the 
exception of early autumn, in which a slight decrease of pH is shown. 
This decrease in early autumn may possibly be the outcome of a 
comparatively less number of determinations. At any rate, the rise 
of the pH in early winter is evident, as can be seen from the regu¬ 
larity of figures secured in that season. Therefore it may be said 
that the pH of the blood of oyster shows a seasonal variation, de¬ 
creasing in early summer and increasing in early winter. 

Further details regarding the pH of each season will be given in 
the following. 

a. The pH in early summer (Table 1). Fifty three determinations 
which have been made on the normal individuals in June are enume¬ 
rated in Table t. The highest value and the lowest value among 
these determinations showed pH 7.60 (No. 41) and pH 6.70 (No. 16) 
respectively, with the value of 7.15 in mean. Accordingly most indivi¬ 
duals indicated a weak alkalinity, except in five cases in which the 
pH values arc lower than neutral. Treating these* fifty three figures 
more correctly on the basis of the theory of probablit>, the* mean 
error of each determination was found to be ±0.023. The pH of 
the oyster blood, therefore, may be best represented by pH 7.15 ± 
0.023 so far as the present series of determination are concerned. 

b . The pH in midsummer (Table 5, No. 1-20). The result of 
20 determinations made* on the specimens collected in the early half 
of August are given in Tabic* 5. The highest and the* lowest values 
among these determinations showed pH 7.65 (No. 8, No. 9) and pH 
6.80 (No. 7, No. 15) respectively, showing the* pH value of 7.33 in 
mean. The mean error of the mean was ±0.067, showing these* 
figures of somewhat larger magnitude than in the cases of early 
summer. And in this case, therefore, the pH 7.33 ±0.067 may be* 
taken as the most correct value fore the midsummer sample's. 

c. The pH in early autumn (Table? 5, No. 21 -26). Six deter¬ 
minations have been made on the* specimens which were collected in 
the early half of September. The highest and the lowest values were 
pH 7.45 and pH 6.90 repectively. The mean value which showed 
pH 7.18 was lower than that of midsummmer. lhe mean error of 
each determination has been found to be ±0.19 and the mean error 
of the mean to be ±0.078, showing these figures to be the* largest 
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of all the seasons. And hence the pH of the blood of this season 
becomes pH 7.18 ±0.078. 

d. The pH in early winter (Table 5, No. 27-34). The pH of 
the blood in this season has been determined on 8 specimens which 
were collected on Sept. 19. The highest value in this season showed 
a pH as high as 7.80, which has never been found in any of the 
other seasons. The lowest value was by far higher than those of the 
other seasons, indicating pH 7.30. And in consequence, the mean 
value was found to show the highest of all the seasons ever determined, 
giving pH 7.60. The mean errors of each determination and the 
mean error of the mean have been found to be ±0.18 and ±0.065 
respectively, showing that these figures are by far smaller than those 
of the former case. The pH of the blood in this season is best 
represented by pH 7.68 ±0.065. 

TABLE 1. 


No. 

Temp. 

Air 1 Wat. 

. ! . 

Specif'! 
grav. . _ 

wa°L| Water 

P 

Blood 

H 

Pcric. 

fl. 

Oyster 

Body j Leng- .Bread* 
fl. th ! th 

June 1928 

Date j Hour 

1 

13.6 

13.8 

23.00 

8.16 

_ _ 

6.90 


13.8 

6.5 

o 

11.00 

a m 

2 

I* 


• 1 

ii 

7.20 

7.30 

— 

12.0 

7.5 

3 

11.30 

ii 

3 

ii 


23.10 

ii 

7.30 

7.20 

7.30 

11.6 

8.0 

3 

11.40 

ii 

4 





7.20 

7.30 

— 

13.0 

8.6 

3 

11.50 

u 

5 

ii 

II 

23.10 


7.30 

7.20 




3 

4.66 

p m 

6 

L3.4 

13.0 

23.40 


0.80 

6.80 

6.75 

11.6 

7.5 

4 

4.00 

p m 

7 

.. 

ii 

ii 

•I 

7.10 

7.20 


10.0 

7.0 

4 

1.30 

ii 

8 

n 


ii 

it 

7.20 

7.20 

— 

12.0 

6.0 

4 

2.00 

ii 

9 

•• 

ii 

ii 

ii 

7.10 

7.10 

7.10 

11.0 

7.0 

4 

3.00 

•i 

10 

>i 

•t 

23.80 


7.10 

7.10 

— 

9.6 

6.8 

6 

4.10 


11 

13.9 

12.7 


8.10 

7.26 

7.30 

— 

11.0 

7.0 

5 

9.00 

a m 

12 

II 

II 

II 

M 

7.46 

7.40 

— 

15.0 

9.3 

6 

10.30 

•i 

13 


II 

II 

ii 

7.10 

7.00 

7.00 

13.2 

10.0 

6 

11.00 

ii 

14 1 

17.5 

13.1 

M 

*t 

7.00 

7.00 

_ 

11.0 

8.0 

5 

4.00 

p m 

16 1 

„ 

18.2 

ii 


i 7.20 

; 7.20 

7.20 

12.0 

9.0 

5 

4.30 


16 

16.1 

14.0 

23.60 

8.16 

6.70 

1 6.70 

— 

12.6 

9.0 

6 

2.00 

ii 

17 

ii 

M 

ii 

«i 

7.00 

1 6.90 

__ ! 

9.6 ! 

6.0 

6 

2.10 

m 

18 j 

•i 

t# 


ii 

7.30 

7.20 

7.40 | 

13.0 i 

6.6 

6 

3.00 


19 

17.6 

14.0 

•• 

7.90 

7.40 

7.36 

7.40 j 

13.0 

10.0 

7 

9.00 

a m 

20 

18.0 

„ 

| 23.50 

II 

6.80 

6.80 

7.10 

10.0 

8.5 

7 

9.30 

•i 

21 

II 

„ 

ii 

II 

7.30 

7.20 

7.10 

12.0 

6.6 

7 

2.00 

p m 

22 

II 

ii 

it 

II 

7.10 

7.00 

7.00 

8.5 

7.0 

7 

2.30 

ii 

23 

18.0 

„ 

ii 

8.20 

7.10 

7.10 

— 

13.0 

8.6 

7 

4.00 

ii 

24 

„ 

ii 

i» 

ii 

7.30 

7.20 

7.10 

9.5 

7.0 

7 

4.30 

ii 

26 

»» 

„ 

24.00 

n 

7.10 

7.10 

7.00 ! 

11.0 

9.0 

8 

8.00 

a m 

26 

ii 

ii 

ii 

ii 

7.20 

7.10 

7.10 ! 

11.0 

9.5 

8 

9.00 

ii 

27 | 

19.0 

i ii 

ii 

i> 

7.30 

7.30 | 

7.30 

10.0 

8.5 

8 

9.20 

ii 
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No. 

Temp. 

Specif. 

grav. 

of 

water 

pH 

Body 

fl. 

Oyster j 

Leng- Bread*' 
th ' th i 

June 1928 

Air 

Wat. 

Water 

Blood 

Peric. 

A. 

Date 

Hour 

28 

19.0 

14.0 

24.00 

8.20 

7.20 

7.00 

6.80 

n.o! 

7.6 1 

8 

11.00 a m 

29 

19.5 

,, 

II 

8.10 

7.10 

7.06 

7.00 

9.0 j 

6.6 ! 

8 

10.00 ., 

30 

21.0 

M 


ii 

7.30 

7.30 

7.20 

11.0 

7.0 ! 

8 

11.00 .. 

31 

II 

16.0 

23.10 

ii 

7.20 

7.20 

7.10 

10.0 

7.6 

9 

1.30 p m 

32 


it 


19 

7.00 

6.90 

6.90 

10.6 

6.0 

9 

3.00 * n 

33 

M 

it 

91 

• 9 

7.00 

6.90 

6.90 

12.0 

10.0 

9 

4.30 ,. 

34 

»* 

it 

it 

7.90 

7.30 

7.20 

7.20 

9.0 

4.2 - 

9 

4.40 „ 

35 

»f 

it 

ii 

n 

7.00 

6.80 

6.80 

10.6 

6.6 

9 

6.00 

36 

20.0 

14.6 

24.00 

99 

7.10 

7.06 

7.06 

13.5 

8.0 ; 

12 

9.00 a m 

37 

•» 


ii 

tt 

7.30 

7.10 

7.20 

12.6 

9.0 

12 

9.30 ., 

38 

20.6 

ii 


99 

7.10 

7.10 

7.10 

12.0 

8.8 

12 

10.30 „ 

39 

21.0 

It 

ii 

ii 

7.26 

7.10 

7.00 

12.0 

8.6 

12 

11.00 „ 

40 


it 

ii 

99 

7.10 

7.00 

7.10 

10.0 

7.6 | 

12 

1.00 p m 

41 

•• 

ii 

ii 

ii 

7.60 

7.60 

| 7.60 

9.0 

7.0 i 

12 

2.00 „ 

42 

! 19.0 

ii 

•i 

ii 

7.30 

7.30 

j 7.20 

11.0 

7.0 i 

12 

6.30 

43 


ii 

ii 


7.30 

7.30 

, 7.40 

9.0 

7.0 

12 

! 6.00 .. 

44 

! n 

ii 

ii 

ii 

6.90 

6.90 

6.90 

13.0 

9.2 | 

12 

1 0.10 .. 

46 

{ m 

16*6 

24.10 

8.20 

7.10 

7.06 

! 7.10 

8.6 

7.6 ! 

13 

; 8.30 am 

46 

1 

ii 

II 

ii 

7.30 

! 7.10 

, 7.30 

| 12.6 

7.0 | 

13 

, 8.00 ,. 

47 

! 19.6 

ii 

II 

ii 

7.06 

1 7.00 

1 7.00 

. 14.0 

7.6 

13 

, 10.30 ,. 

48 

1 •• 

n 

II 

ii 

7.10 

! 7.06 

I 7.10 

i 16.0 

7.6 | 

13 

; n.oo ., 

49 

i If 

•i 

II 

ii 

7.00 

I 7.10 

| 7.10 

i 11.0 

7.6 ; 

13 

: 11.20 .. 

60 

! ” 

St 

II 

n 

6.90 

1 G.90 

' 6.90 

j 16.0 

! 9.0 

13 

! 11.30 ., 

61 


II 

II 

ii 

7.20 

i 7.20 

! 7.30 

12.0 

j 8.6 | 

13 

1 1.40 „ 

62 

i •» 

It 

II 

ii 

7.30 

J 7.20 

7.30 

12.0 

6.6 j 

13 

1.46 „ 

53 


II 

II 

ii 

7.40 

7.40 

7.40 

1 10.0 

8.0 1 

13 

2.00 .. 

54 

! .. 

II 

II 

ii 

6.80 

I 6.76 

1 7.00 

I n.o 

7.6 

13 

2.30 „ 


2. The pH of the Pericardial Fluid. 


Eighty eight determinations which have been made on the normal 
individuals showed a pH value of 7.16 in mean. These determinations 
are now classified into four groups according to the season. 


Season 

pH 


Date of experiment 

(1) Early summer 

pH7.10±0.024 i 

I VII, 31 to VIII, 4 (Table 1, No. 1-60) 

(2) Midsummer 

pH 7.13±0.062 

| VIII, 14 

(Table 6, No. 1-20; 

(3) Early autumn 

pH 7.12±0.096 

IX. 2-16 

(Table 6, No. 21-26) 

(4) Early winter 

pH 7.69±0.076 

XI, 19 

(Table 6, No. 27-34) 


The pH of the pericardial fluid shows a close simility to that of 
the blood, and consequently similar seasonal changes are also shown, 
that is, the value of pH increases from early summer towards early 
winter with the exception of early autumn, where it shows a slight 
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decrease as in the case of the blood. 

a. The pH in early summer (Table 1). According to the 54 
determinations which were made on the specimens collected in the 
early half of June the highest pH of the pericardial fluid is found to 
be pH 7.50 (No. 41) and the lowest value pH 6.70 (No. 16) with pH 
7.10 in mean. Although the pH varied in a range of from pH 7.00 
to 7.40 in the majority of cases, 11 individuals showed a faint acid 
reaction. The mean error of each determination showed ±0.18, a 
little less than that of the blood, and the mean error of the mean 
has been found to be ±0.024, showing a little higher value than that 
of the blood. And hence the pH of pericardial fluid is most correctly 
represented by pH 7.10 ± 0.024. 

b . The pH in midsummer (Table 5, No. 1-20). Among 20 
determinations given in the Table 5, we find pH 7.60 in maximum, 
pH 6.80 in minimum, and pH 7.13 in mean. Naturally the pH value 
was found to be above the neutral in most cases, with 5 exceptions 
in which the pH were below neutral, showing a faint alkali reaction. 
The mean error of each determination showed ±0.28 and the mean 
error of the mean has been found to be ±0.062, showing somewhat 
larger magnitudes than those of the cases in early summer. Therefore 
the pH of the pericardial fluid is most correctly represented by pH 
7.13 ±0.062 in this season. 

c. The pH in early autumn (Table 5, No. 21-26). The pH in 
early autumn was determined on the six individuals which were collected 
in the early half of September. The highest and the lowest value in 
this season are found to be the pH 7/10 and pH 6.75 respectively, 
showing a mean value of pH 7.12. The mean error of each deter¬ 
mination showed ±0.23, and the mean error of the mean showed 
1 0.095, the latter showing the largest value among the four seasons. 

The pH of the pericardial fluid in this season is represented most 
correctly by pH 7.12 ±0.095. 

d. The pH in early winter (Table 5, No. 27-34). Eight deter¬ 
minations have been made on the specimen collected in this season. 
The highest and the lowest values showed pH 7.80 and pH 7.20 
respectively. The mean value showed a pH of 7.59 which was the 
highest mean of all seasons ever determined, and indicated the presence 
of distinct increase in pH in this season. The mean error of each 
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determination and the error of the mean showed ±0.21 and ±0.076 
respectively. Therefore the pH of the pericardial fluid in this season 
can be regarded to be pH 7.59 ±0.076. 

From what has just been mentioned it follows that the pH of the 
pericardial fluid of the oyster shows a seasonal change, indicating the 
highest value in early winter and the lowest value in early summer. 
And the pH of the pericardial fluid shows a faint alkali reaction even 
though the alkalinity is a little less than that of the' blood. 

3. The pH of the Body Fluid. 

The pH of the body fluid has been determined on 41 different 
individuals, and it was found to be 7.50 in maximum, 6.70 in minimum 
and 7.11 in mean. Among 41 determinations 7 cast's showed a pH 
below 7.00. The mean error of each determination showed ±0.19 
indicating a little larger value than in the case of the blood and 
pericardial fluid. The mean error of the mean also showed the small 
value of ±0.029, and hence the pll of the body fluid becomes 7.11 
±0.029. 

According to the present 41 determinations the pH of the' body 
fluid was found to be a little lower than that of the blood and the 
pericardial fluid. A comparison of the pH of the three' fluids is as 
follows: 

1) Blood pH 7.21 (mean of all determinations) 

2) Pericardial fluid pH 7.16 ( ditto ) 

3) Body fluid pH 7.11 ( ditto ). 

B. THE pit OF THE BLOOD, PERICARDIAL FLUID, AND THE 
BODY FLUID MEASURED BY A GAS CHAIN METHOD. 

The pH of the blood, pericardial fluid, and the body fluid measured 
colorimetrically cannot be considered as the true pH value of these 
fluids because they contain proteins and salts which may produce 
errors on the colorimetric reading of these fluids. Accordingly the 
pH of the same samples has been determined both by the gas chain 
method and the colorimetrical method simultaneously, and the errors 
were calculated from these results. 
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The blood and pericardial fluid of the oyster tend to change their 
pH during the experimental treatment by the loss of CO*. The 
material once used for colorimetric reading was again employed for 
both colorimetric and gas chain method, since the pH changes usually 
before gas chain determination is made, thus giving a slightly higher 
alkalinity than its initial value. During the second determination two 
colorimetric readings were taken and they were listed in the table 
(Table 2). That the samples change their pH during the gas chain 
experiment is known from the colour tones at the beginning and at 
the end of each determination. This may be due to the loss of C0 2 
diffusing into the H gas which was introduced into the electrode to 
saturate the platinum black. However such changes, if any, arc very 
small, and in such cases the pH values were observed before and 
after each determination and two readings were averaged. 

The standardization of my gas chain system showed in most cases 
E M F 515 m v (18°) and sometimes 514 m v (18°) against Michaelis’ 
standard acetate solution. Therefore this error measured carefully 
before and after each determination and the short E M F values were 
added to the E M F of the samples. To test the stability of E M F 
of oyster blood 1.5 cc. of blood was taken from a specimen on June 
6 th, 1928 and the E M F was estimated successively for 6 hours. 


The results were 

as follows: 


Cabt* No. 

E M F m°) 

Time elapse 

1 

600.0 

0 minute 

0 

dm 

669.8 

2 „ 

a 

668.7 

6 it 

4 

660.3 

10 „ 

6 

668.8 

20 „ 

6 

660.0 

30 I. 

7 

660.0 

1 hour 

S 

660.6 

2 „ 

9 

660.3 

3 „ 

10 

660.0 

6 „ 

11 

660.4 

6 M 

Mean 

669.8 

_ 


Having found by this determination the E M F of the oyster blood 
to be 659.8 m v in mean, 2 m v error of the gas chain was added to 
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this figure, thus obtaining the correct E M F 681.8 m v which corre¬ 
sponds to the pH 7.12 in this case. 

1. Determination of the Blood pH. 

Ten determinations have been made, the results being as follows. 


Table 2. 


i Change of E. M. F. (19°i (M. V) j§> v ©> 

, in the course of determination (time in minutes*) _ « • ~ 

© _ _ _ _ _ _ c _ *5_ 

52« ! 1 U «•> *rj 1 


pH 


I 0 


1 


3 


10 | 20 .TO Mean 


c 

G 

E 

* •“ -H 


2 -S *1 *2 >4 £ J z & 
«§-s u' 2. * 


1667.7;668.3,668.8668.0668.8667.6,067.7668.2 2.0660.27.097.16-0.067.10 36 

, i ! i 

2671.6671 .$'671.61671.6 671.4671.4671.4671.6 2.0673.67.837.501+0.037.80 37 

i i : i ■ ' ; 1 i 

3,668.0:667.6,667.4667.7667.7667.6 667.4 667.6 2.0669.67.267.27i-0.017.10 38 

| i ! ! i i . , i i 

4672.0672.0672.0672.0672.0,672.0672.0672.0 2.0;674.0;7.337.32,+0.017.26 39 

I i | i : | i ■ j • ' 1 ! 

2.0669.7j7.267.20|-H).<)67.io 40 

0666.11666.4666.0*666.2666.9^666.4666.0666.2 2.0068.2 i 7.227.26;~0.037.20 31 
7)662.3602.6662.01662.0661.9C01.8661.7662.Oi 2.0664.0 7.167.20 -0.047.00 32 

i 1 1 1 1 I 


8,660.7 660.1 


069.«!660.OifiGO.0660.0 660.0 600.1, 2.0 662.1 7.127.10 +0.02 6.90 44 

: I : i ; ; ’ 1 1 l . : 

9663.7.664.0664.2|664.2664.2663.8663.5663.9 2.0 666.97.197.201-0.01,7.10 48 

! i i , I ! ' ! 

10671.91672.1:672.0,671.8671.8671.8671.8671.9 2.0673.97.337.33 0,007.20 61 


By the 10 determinations cited above the E M F of the oyster 
blood is known to be favourably determined by the hydrogen electrode. 
Comparing the pH obtained by the indicator method with that of the 
electrometric method, the former values are larger than the latter in 
some cases, and vice versa in other cases. Therefore the protein error, 
i. e., the figures showing the difference of pH of the two methods, 
appears on both sides of zero with equal magnitude and equal fre¬ 
quency. The mean of this value has doubtful significance, being as 
small as pH —0.003. Consequently it can be said that the oyster 
blood hardly shows any protein error. 
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2. Determination of the pH of Pericardial Fluid. 

The pH of the pericardial fluid was estimated 6 times on the 
following specimens, No. 23-29, which were employed in the deter¬ 
mination by indicator. 


TABLE .‘L 


Change of K. M. F (19') (M. V) 11> 's£ 
iin tho rourt»c of determination (time in minuUs)^ ■, . • 

0 | 1 I 3 5 ; 10 20 j 30 Mean ||. 3| 

|W •§, ~ 


pH 


1663.6664.1.663.0663.3063.3 — ]664.0;663.6j 
! i i - i I . 

2666. 1 666.4 666.8 666.5 666.4 666.3,666.8 666.4 
i , . i ' 1 

Sjfifll.l 661.4661.6,661.8601.8661.6661.6661.6 

4l667.6 667.7 668.0 668 1 668.1 667.8:667.0667.» 

, , I 

3668.8 668.3668.3 668,2668.2 668.1668.1 668.3 
6;666.8666.0666.l 656.3666.81656.1 | 656.0'666.3 


u. 

w 


3.0666.67.21 

I 


n 


7.161 


I 


+0.05 


3.0669.47.24j7.23;+0.01 
3.0664.6,7.17 7, mJ—0.03 

3.0670.97.287.30!-0.02 

I ' 1 

2.6660.87.107.11-0.01 

' ' ' ! 

2.6:668.8 7.077.071 0.001 


7.10 
7.10 
7.10 
7.30 
7.CO 
7.06 


•g S 
0 B 

n 

CO 


23 

26 

26 

27 

28 
29 


In the six determinations tabulated above the pH differences which 
exists between the gas chain method and the colorimetric method 
shows a close resemblance to that of the blood. Protein error appears 
in plus side in some cases or minus side in other cases, and in still 
other cases its value is near zero. The mean value indicates such an 
inappreciable figure as pH +0.002. 


3. Determination of the pH of Body Fluid. 

The pH of the body fluid was determined 5 times on the indivi¬ 
duals No. 48-52 which were used in the indicator method. 

As has been shown in the above table the protein error of body 
fluid is by far larger than that of the blood or pericardial fluid, 
amounting to pH —0.10 in mean. 
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TABLE 4. 


| Change* of E.M.F. (19°) (M. V.) H 

.in thr course of determination (time in minutes) 

^ 1 oS 


.3 


I 


10 | ao | 30 Mean | j *J *2 jS"| 


t: i >-g 

o a ° S 
■m ,ti o S 

2 ^ 2 & 

ou * 


1 ( 662.6662.0662.3662.5661.9061.8651.8 652.1 2 9 664.1 6.98 7.2< -0.227.20 48 
2 667.6 667. 7 668.0 668. (' 667.6 667.6*667.4667.6 2.0 666.6 7.26 7.30 -0.14 7.40 49 
.3660.6 660.5 660.2650.0 649.7 649. g |649.6 649.4 2.0 651.46.9.) 7.00-0.06 6.90 60 
4 664.4 664.4 664.4 664.4 66.3.8 66.3.6 66.3.6 664.1 2.0 666.1 7.19 7. U> -0.01 7.10 61 
6666.0666.2666.6666.1 666.0666.0665.8666.1 2.0668.1 7.227..30-0.087..30 52 


4. Comparison of the pH of Blood, Pericardial 
and Body Fluid. 

From what has just been mentioned it will be noticed that the 
pH values of the blood, pericardial fluid, and body fluid show a very 
close resemblance to one another, and that the protein error of the 
fluids are practically negligible, excepting the body fluid which has a 
marked protein error (pH —0.1). A comparison of the pH value of 
these fluids which were taken from one and the saint* individual, shows 
that the blood had a little higher pH than the pericardial fluid, which 
later surpassed the body fluid in the mean time. 

In short the pH of these fluids closely resemble one another 
though the blood pH shows a little higher value than the other two, 
while there are no appreciable differences between the pericardial fluid 
and the body fluid. The pH of all these fluids shows a far lower 
value than the pH of sea water, indicating the existence* of some 
slight gap between the oyster fluids and sea water. 

C. THE CO.-CONTENT OF THE BLOOD. AND 
PERICARDIAL FLUID. 

Simultaneous determinations concerning the C0 2 -content and the 
pH of blood and pericardial fluid were carried out 34 times on dif¬ 
ferent normal individuals. The results were listed in the Table 5 
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TABLE 5. 
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a 

6 

& 

.fa 
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27.0 


a 

l 

u 

0> 

% 

55 


« ft* 


1° 


SC 
a 

*: I 


pH 

bill, 

i CQ CL 55 i 


COa-con* 

tent 

(vol. ?.) 


Dimension 

of 

specimen 


Date of experiment 
(1928) 


25.0 


22.01 

19.0,23 


1 
2 

3 

4 

5 

6 

7 

8 24.2 ! 21.0,23 
ft ! „ 

10 25.5 I 

11 25.6 ! 

12 '26.0 i 

13 26.6 i 

14 .. ! 

15 

16 20.10j 

17 ,26.0 

18 | „ 

19 , „ 

20 I „ 

21 | „ 

22 28.0 


20.3,23 

20 . 0 ' 

20.51 


23 29.0 

24 26.0 

25 ! $ t 

26 27.0 

27 14.3 

28 [15.0 


24.6,22 
24.31 
24.8! 
24.2122 


29 

30 , 

31 

32 j 

33 1 

34 | 
Mean 


15.2 


12.9 


21.0123.00,8.107.257.06; 

16.906.80 1 
7.607.10 
l7.40;7.06 

6018.207.066.96 
„ 7.407.22 
I „ 6.806.76 
20 „ 7.657.GO 
I „ 17.667.C0; 

I „ [7.687.62, 
7.607.30 
7.607.35, 
7.267.10! 
7.006.90 

6.806.801 
60 17.607.40 

I „ ,7.307.2r; 

| |p 17.427.40 

I „ 7.407.36, 

i 17.607.45 

80,8.056.»0;6.76 
„ 17.10,7.001 
I .. '7.257.20; 

'7.307.30 
,7.107.06 
24.6, .. „ ,7.467.40 

12,6:24.60j8.227.707.501 
12.6 18.22 7.80 7.70, 

12.8; „ I ,| 7.607.501 

[7.707.50! 
„ 7.807.76. 
„ [7.807.80! 
t i i7.807.80 1 
„ , „ 7.307.20' 

— i -- 7.397.28, 


90| 


5 ! 

S i 

I 

4.11! 
3.50 
4.19! 
4.70 
3.46! 
4.88' 
3.06 
4.87, 
4.87 
4.40* 
4.97i 
4.39' 
4.04| 

3.47 
3.29, 
4.36 
3.6SI 
4.59! 

3.48 
4.23; 
3.72, 
3.901 
3.79, 
4.66; 
4.201 


■is ifii's s 
£<e I? ^82 


-tv </> 

i.SP E 

5; 


s.oi 

8 . 0 ' 

8 . 0 ; 

9.0 

8 . 0 ; 


8.5' 

7.8 

9.6 

8.6 


2i | I 

I I 


a 


4.36 

4.81 

4.331 

4.90, 

6.111 

4.81, 

4.81j 

4.08* 

4.62 

4.22i 


3.3916.0111.01 
3.4910.6 8.6 
4.09*3.6 
4.3412.0 
3.3913.01 
4.1212.0 
3.0612.0* 

4.3613.010.6 
4.8712.0,10.0 
4.40,12.0 6.5 
4.14 13.2' 8.6 
4.36 12.2; 
3.9812.2 
3.3412.21 
3.29 11.0 
4.19 J0.0! 9.0, 
3.39,14.0 8.0; 
4.33[ 11.0 8.0! 
3.8410.0; 8.0, 
4.36;14.0 8.0l 
3.2416.0! 9.Oj 
3.7010.0,10.0 
3.35118.0! 9.0 
4.4016.0 1 7.0, 
3.6816.0 8.0 
4.22 12.0; 9.0; 
4.1316.012.0 
4.22 I8.0|10.0! 
4.2517.0 1 8.01 
4.7616.01 8.0[ 
4.7316.0,10.0; 
4.08'13.0:10.0! 
4.08,16.0,10.0 
4.6220.011.0 
4.00113.8! 8.6 


COOj VII 
346 
495) 

370! 

400; VIII! 
360! 
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480; VIII ! 
430; 

53<! 

676 
330i 
300! 

360! 

46* >1 
320: VIII 
360| 
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340| 

420; 
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460, 

420i 
460; 

4001 
3201 
6661 
545| 

600; 

480[ 

620, 

360; 

496! 

630| 

448 


IX 


XI 


31 


14 


3 

4 
16 
16 
10 
19 


o 

SC 


2.00 p m 
3.00 
3.40 „ 

4.30 „ 

3.30 „ 
4.00 „ 

4.30 „ 
8.00 a m 

8.30 „ 
9.00 „ 

10.00 „ 
11.00 „ 

1.00 p m 

1.30 „ 

2.30 „ 
3.00 „ 
4.00 „ 

8.30 a m 
9.20 „ 

10.20 „ 

6.30 p m 
3.10 „ 

1.30 „ 

2.00 „ 

1.30 „ 
9.00 a m 

8.30 „ 
9.00 M 

9.30 „ 
10.00 „ 

10.30 „ 
11.00 „ 

11.30 „ 
12.00 n 


with the other factors observed at the time of experiment. 

1. The COj-content of the Blood of Oyster. 

The data given in the above table indicate that the CO*-content 
of the blood of oyster ranges from a minimum value of 3.06 vol# to 
a maximum value of 5.11 vol#. The mean value has been found to 
be 4.22 vol#. The mean error of each determination showed a figure 
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of ±0.50 and the mean error of the mean ±0.008. And hence, so 
far as the present study is concerned, the COj-content is best repre¬ 
sented by 4.22 ± 0.008 vol % (Table 5). 

2. The CO*-content of the Pericardial Fluid of Oyster. 

Thirty three determinations which have been made simultaneously 
on the same individuals as used in the blood experiment are given 
in Table 5. These results show that the C0 2 -content of the pericardial 
fluid of the oyster is 4.87 vol % in the highest case, and the lowest 
content 3.06 vol 96 , showing the mean value to be 4.00 vol 96 . The 
mean error of each determination has been found to be ±0.19 vol °/o> 
and the mean error of the mean to be ±0.007 vol 96 . Consequently 
the best representative value of the C0 2 -content of pericardial fluid 
becomes 4.00 ±0.007 vo\% (Table 5). 

3. The Comparison of the C0 2 -content of the Blood 

and the Pericardial Fluid. 

The mean value of the C0 2 -content of the blood is larger than 
that of the pericardial fluid by some 0.22 vo\%. This difference, 
though small, has been found in every determination and the CO*- 
content of blood always exceeds that of the pericardial C0 2 -content 
excepting a case of No. 20, where a converse relation is shown. As 
has been already stated, the pH of these two fluids also showed a 
little but constant difference in all cases, indicating a slight excess of 
the blood to the pericardial fluid. Therefore it is safe to conclude 
that there exists some definite quantitative relation between the pH 
and C0 2 -content of these fluids and indeed we find that the alkalinity 
of 0.11 in pH corresponds to the C0 2 -content of 0.22 vol ^4 in the 
present case. 

D. THE RELATION WHICH EXISTS BETWEEN THE 
pH AND THE CO.-CONTENT. 

The C0 2 -content in both the blood and pericardial fluid of the 
oyster, which value is closer to the surrounding sea water, indicates 
that the buffer value ought to be poor. Therefore the change of pH 
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produces a similar change in the C0 2 -content, that is the increase in 
the C0 2 -content brings about a rise of the pH. The relation of pH 
to C0 2 -content, however, is interrelated to the third factor, the C0 2 
pressure, as is well seen by the Henderson-Hasselbalch’s equation. 
So pH may be high when the C0 2 pressure is kept low, provided 
the C0 2 -content remained unaltered, and conversely the pH may be 
low when the CO s pressure is kept high, even in case of the same 
C0 2 -content. 



Fig. 2. Ordinate*—C0 2 voW, Abscissa-pH. 

Heavy line—Blood, Dotted line—pericardial fluid. 

Dotts represent the blood, Crosses represent the pericardial fluid. 

From the data (Table 5) obtained from the present experiment, 
the relation which exists between the pH and the C0 2 -content can be 
expressed by the following two equations: 
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C0 2 -content = 1.87 pH—9.49.... Blood. 

CCVcontent--1.31 pH—6.49. .. .Pericardial fluid. 

These relations are illustrated in Fig. 2 in which the blood is 
represented by the continuous line and the pericardial fluid by the 
broken line. When the C0 2 pressure is disregarded or kept constant, 
therefore, the pH or C0 2 -eontent of these fluids can be calculated 
from either of these two values. In reality, however, these fluids show 
a little buffer action and consequently these values are interrelated 
to the third factor, the C0 2 pressure, or in other words the relations 
cannot be represented by these simple equations given above. For 
instance from Fig. 2 we find that the CCVcontent of the blood having 
the pH 7.40 ranges between 3.50 vol^ and 4.70 vol^, and similarly 
the pH of (he blood having the C()*-content 1.38 \n\% ranges between 
the pH 7.40 and the pH 7.60. Such wide range of variations may 
be due to (he buffer action of these fluids and the changes of the 
C0 2 pressure which corresponds to the' denominator of the equation 
of IIendekson-Hasselbalch and enables the blood to show varying 
C0 2 -content for a definite pH, or to show varying pH lor a definite 
CCVcontent. 

u-wn (BHCO») m 

pH pK lot; (H 2 co ;t ) (l) 

According to Austin and Cullen 0 Henderson-Hasselbalch’s 
equation cited above (1) may be' written as follows: 


pH = pK'-f log 


(C0 2 ) — 0 . 1 3 Ufa pCO* 
().1316'/pCO, 


( 2 ) 


From equation (2) it follows that if the* CO, pressure (pC() 2 ), 
absorption coefficient («), and pK' are determined empirically, (he 
question of the acid base balance of the blood and pericardial fluid 
can be solved fremi the above 1 equation. However the complete solution 
of such a problem is reserved for future investigation, and in the 
present work 1 have shown merely the relation which exists between 
the pH and the CCVcontent, disregarding the 1 CO* pressure. In Fig. 3 
the normal variation of the pH and the CCVcontent of blood and 
pericardial fluid are shown by the graphic method of Van Slyke, 
giving the normal area of variation in both the blood and the peri¬ 
cardial fluid. 




226 


S. KOKUBO 



C 7 8 9 7.0 1 2 3 4 7.5 0 7 8 


Fir. 8. Ordinate-CO, vol Abscissa-pIL 

Continuos line represents the normal area of the blood. 

Dotted line represents the normal area of the pericardial fluid. 


E. EXPERIMENTAL ALTERATION OF THE pH AND THE 
CO.-CONTENT OF BLOOD AND PERICARDIAL 
FLUID ‘ IN VIVO ’. 

1. Acid Experiment. 

With a view to determine the velocity of the effect of acidified 
breathing water upon the pH and the CO,-content of blood and peri¬ 
cardial fluid five series of experiments were made on 28 different 
individuals, and the results are shown in Table 6 and 7. The 
first two series were like experiments, using the sea water giving pH 
5.00, the third experiment giving pH 3.00, and the fourth experiment 




pH AND CO/CONTENT OF THE BI.OOD, ETC. 


227 





S SEES 

E . E . . . . E } 

E S 1 

&EEEEE 




o, c (x a a a 

. a ‘ ‘ *a 1 

aa i 

(8 Di A (8 <C S« 


8 

o> 

1 

>382288 

© cj d d ©' d 

1 23233838 I 
d d d d d d d © j 

38 

d © 1 

SS8888 

O CO QO d o w 

rH 


a 

c8 

'w' 

<3 

S 

5.30 p m- 
10.35 a in- 
11. 00 a m- 

2.10 a m- 
8.00 a m- 
5.00 a m- 

4.30 p m- 

1 JL, • i 1 1 i 'ij 

ESBE _ E' 

cl o, a <« “ * * *£u! 

®332§3838 

d d d d oo d d co © 

-• 

1.30 p m- 
3.40 p ra¬ 
il. 00 a m- 

9.10 am- 
9.10 a m- 
4.00 p m 

9.30 a m- 
10.30 a m- 

2.30 p m- 



»1 B CI 

ci 

•H 

cowwcoeoJJ 

• 

1-1 Cl Cl Cl 

© . «-1 P-H 1-1 1-1 


= 0 

1 

8383328 

^ 

©©©©©c©o© 

©©0SC^T0©©04*-» 

«^^©©^^©©© 

o© © ‘ 

Cl Cl t>. 1 

^ co © | 

§§§§§§ 

IT © CO if 


§ 8 

"" 

©© OO © © © 

©©'© ©©© © © © 

© © © J 

©©©©©© 


|| 

mpwajg 

OS fc- 00 CO 0O 00 05 

! 

© 00 d © T © d QO © f © 

r-4 HH«-H «— 

d d ci i 

rH 

© © 00 t- d rrj 


i & 


© © to © © © © 

© © © © © © © © © 

© ©"© "l 

© © © cT© © 


a 

q^Suaq 

d d d © d d co 

HHHrlrtHH 

©dddd©**©d 

CP © © ■ 

d d oo co © 


- 

V» s 

P! n H 

•au.i.i 

'sfnisgssa 

co* d d © d d © 

Q^l-OD Tf U< Cl 00 © 
COaO^ClCMOCXOCO*- 

uj d d d d tc d t' 

CC “© 01 

CC Cl Cl 

d © d 

d © © ci uo -t! 

T -1 © © O0 GO Co 

© © ©* d CQ d 

Cl © CO CO ^ 


cs ** 

u 8 

poo ra 

Kgfcas'BS' 

C0abCCdb©'«J<^©C1 

©^©©^©^©co 

os © © 
NWOO 

CO © © © © QO 
© i- © cp CO © 


d d t> d co eg o 

©dddd^dd© 

CO © »> 

© d © © d © 

Cl © CO CO © 



P! n B 

t> cl § 8 8 © e§ 

888332333 

'88g _ ''?l888"88 

to 



d d «o d © «o d 

t-«odddddd© 

It-©© 

©©©©©© 

a 

CO 

a 

. 

p°°m 

8888 $8 © 

© © © © ©* © © 

© © © © © © © © © 

»-1 pH ri © © t— © 

1 fQ fQ r£j r& ep egl 

7.25i 

6.201 

6.60 

o©o © ©~©~ 
ir o5 'n* ci ^ ci 

©©©©©© 


o-£ t 
x 8 ? 

CL jj * 

i | BU 9 

j (W1J1UI 

1 

1 8 8 88 8 8 
ifj i« uj to o o 

1 * 
© 

| | 8888288© 
©©©©©©©© 

1- - 

| = = = ,:: 

© © 

1 t 

d d 

© 

IS* 

8 88 § 8 ^ 
n' H H «' to d 

© 

ci . 


jajCM 

©. 

S . ; : : ; 

, © 

© - - 

© to 

*1 : 5® : : 


W3S 

JO H d 

QO 

! oo 

, d 

, 

GO GO 


J3}WA\ was JO 

8 Still 8 

8 .&~.8ti' I S8 

Ii 8 8 

88 ... . 


•aw-ih 

•jiooits 

laii??§is3 si 

|d d d d d d 

0-1 Ol Cl ci Cl Cl 

j © © l- 00 Cl Cl © © 

d d d 

: ci cm ci 

ci d 

Cl Cl 


- — 

~ 

j ' © t- eg co © t- 

' 

© CO CO © © go 


u . 

<U CL 

l nu y 

i © d ©* d d d 

I Cl Cl « M M Cl 

I m © © eg © © © © 

j Cl Cl Cl Cl Cl Ci Cl d 

, 1 ©d 

Cl Cl 

© © d © © 

Cl Cl Cl Cl Cl Cl 


"Jo fi 

— - 

] © oo © t- ©" CO © 

j co to © o oo o oo eo as 

i op - ©'© 

kO © © © o © 


| (wquii 

1 

; d d d d co d d 

j S 35 S 35 § ?5 S$ <?i §i 

888 

d d d d ~t it* 

Cl Cl Cl Cl Cl Cl 




T ' © © © © © ©~ 

Cl Cl Cl © 00 © © © 

CO CO 

~ © t- © _ o © ©~ 


6 

l ou y 

^ c§ & Si §8 8 ©5 

op 00 d co © »c ©* d 
Cl (M Cl <M Cl Cl Ol Cl 

!&8 

t-©©d©t- 

Cl Cl Cl Cl Cl Cl 



— 

©© © © © ©i © 

© © 01 Cl © © © Cl 

r© © ci 

O © t- © © © 


3 

l B P! u ! 

sssta'sitiK 

OO op © © © © © © ‘Cl 
Cl Cl Cl Cl Cl Cl Cl Cl Cl 

! os d © 
i Cl Cl Cl 

27 

27 

25 

25 

25 

26 









•dxa 

jo uopmnfl 

2 2 

© © ,-t <m © ©* ;* 
r-t »— ci 

? X 

Og ^©Cl^OOOt 

© r-t © 

X 

v ~' 

HO©t^^ 
n Cl Cl Cl 


•AipUl JO *Of^ 

HMCO^tOON 

»-HCieo^©©i>oo© 

1 pH Cl CO 

i-i Cl CO ^ © o 


I *dxe 

jo cm 

i d *a 

ii dx a 

iii dx a 

ai dJt a 









228 


S. KOKUBO 


giving pH 1.20. The object of the fifth experiment was first to 
determine the susceptibility of the oyster to the low pH of sea water, 
and secondly to determine the lowest limit of blood pH at which the 
oyster can survive. 


Experiments I and II. 

a. Conditions of the experiment . The oyster was submitted to 
respiration in sea water the acidity of which was made pH 5.00 during 
15 minutes to 48 hours. Experiment II was made in order to verify 
the results obtained from experiment I. For the purpose of comparison, 
an individual which had been living in the normal sea water was 
examined at the outset of experiment. The specific gravity of water 
used showed no marked change during the experiment, though it 
altered when HC1 solution was added in order to decrease its pH. 
For instance a specific gravity of 1.0251 (10°) decreased roughly to 
1.0239 (10°) when ltH)cc. oi n HC1 solution was added for the purpose 
of changing its pH down to the neighbourhood of pH 1.20. The 
temperature of breathing water which was comparatively low at the 
beginning showed a slight rise at the end of each experiment, as the 
experiment was carried on under varying temperatures of the labora¬ 
tory room. 

h. Change of the blood pH. As will be noted in Table 6 that the 
high hydrogen ion concentration of the breathing water distinctly lowers 
the value of pH of the blood and the pericardial fluid. The normal 
reaction which has been found to be pH 7.24 in blood and 7.16 in 
pericardial fluid hy the preceeding experiment, decreased as low as 
pH 6.10 and pH 6.36 (taking the mean of 14 determinations) respec¬ 
tively. Among the 14 determinations made in experiment I and II 
(excepting the normal individuals) the lowest value, pH 6.10 of blood 
was given by the specimens examined at 30 minutes and at 1 hour 
after the start of experiment II. The pH 6.75 was given by an 
individual examined at 12 hours after the start of experiment II, and 
pH 6.60 in two individuals examined at 12 and 21 hours after the 
beginning of experiment respectively. 

At the outset of the experiment, I first anticipated that the degree 
of change of the pH of blood and pericardial fluid would be propor- 
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tional to the duration of their stay in the altered sea water, if the 
high hydrogen ion concentration of breathing water at all influences 
the reactions of these fluids. In reality a quite reversed relation was 
found. If, for instance, the pi I of blood decreases from normal level 
to pH 6.30 in the course of 15 minutes, further decrease may be 
expected, if my anticipation were realized, by a lengthend exposure of 
the animal to the same condition. But instead an increase* of pH 
was found, as was shown by the oysters which stayed for 24 hours 
in both experiments. This interesting relation will be discussed later. 

What was found in the blood pH, was also true with the peri¬ 
cardial fluid. The lowest value of all of the pH of pericardial fluid 
was pH 6.00 which was given by the specimen (Exp. II) remaining 
for 1 hour. The relatively high value among 14 determinations has 
been found to be the pH 6.70 for 12 hours (Exp. II), pi I 6.65, and 
pH 6.50 for 24 and 12 hours respectively. Thus the pH of pericardial 
fluid showed more profound change shortly after the oyster was placed 
in the altered sea water than those staying for a longer period. 

At any rate it needs to be emphasized here that the pH of the 
blood and the pericardial fluid is changed within 15 minutes after the 
reaction of breathing water was altered (pH 5.00). 

Of course there are several exceptions to the general statement 
given above, as one might anticipate in an experiment of this nature, 
and this irregularity may largely be due to the individual difference 
of the initial pH of these fluids. 

c. Change of the CO^content. Accompanying the change of the 
pH the C0 2 -content of the blood and the pericardial fluid showed a 
marked change. In experiment I and II the mean value of the CO*- 
content of the blood showed 5.99 xo\% and 5.73 respectively, 

and the pericardial fluid showed the mean value of 5.72 vol?^ and 
5.34 vol?6 respectively, showing the increase of C0 2 -contcnt in these 
two experiments. Similar phenomena are also shown in Tables 4 
and 5. These increases of C0 2 -content in the course of experiment, 
however, are reciprocally proportional to the change of the pH in 
both experiments. In Experiment I, for instance, the C0 2 -content 
decreased gradually for 6-12 hours, accompanied by a sudden increase 
at 27 hours. Such was also the case with Experiment II, as can be 
seen in the table. Why the CO*-content once decreased during ex- 
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periment can be explained by the following fact: in the normal state 
of acid base equilibrium of the blood and the pericardial fluid, the 
alkali reserve, i. e. the bicarbonate, is well balanced with carbonic acid. 
If another acid, therefore, invades this buffer system, as in the case 
of the present investigation, the bicarbonate of the blood is corre¬ 
spondingly neutralized by that acid, evolving the carbonic acid and 
neutral salt. Since the carbonic acid evaporates from the surface of 
the gill and the neutral salt is excreted from the kidney, the potential 
alkali reserve of these fluids decreases temporarily to the minimum, 
thus showing a relatively low CO,-content, as seen in the individuals 
No. 5 and No. 6 of experiment I and No. 3, No. 5, No. 6 of Experi¬ 
ment II. The increase of CO,-content following this decrease which 
is noted for instance in No. 7 of Experiment 1 and No. 8 and No. 
9 of Experiment II may therefore be attributed to the effect of high 
hydrogen ion concentration of breathing water. 

d . pH of breathing water. The sea water in which pH was made 
5.00 at the outset of experiment, increased its value continuously during 
the course of experiment, till the end of the experiment. This increase 
of pH was observed 15 minutes after the introduction of the oyster 
to the sea water, as can be seen in case No. 2 of Experiment I, 
which showed an increase of pH 0.3 within 15 minutes. The degree 
of increase was proportional to the duration of the experiment, and 
such a high pH as 5.70 was attained at 12 to 21 or more hours later. 
The course of this increase' may partly be due to the neutralization 
of acid by the alkali reserve of blood and pericardial fluid of the 
oyster, and partly to the dissolution of the oyster’s shell, which in 
turn also neutralizes the high acidity of water. 

Experiment 111. 

Still stronger acidity (pH 3.00) was tried on the three oysters to 
determine whether it causes a more marked change or not. The 
condition of experiment was the same as in the former experiment. 

As is shown in Table 6, specimen No. 2 showed the blood reac¬ 
tion to be pH 6.20 and the pericardial fluid to be pH 6.10. In 
specimen No. 3 the blood showed pH 6.60 and the pericardial fluid 
pH 6.50. Though the alterations shown by these oysters are by no 
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means slight, nevertheless the acidity attained is no more pronounced 
for further increased acidity of breathing water, compared with the 
alterations shown by the Experiments I and II. The manner of the 
change of pH also agreed well with the two former experiments. An 
increase of pH with the elapse of time is also shown in the present 
experiment. The increase of C0 2 -content however, occurs at 6th hour 
of the experiment contrasted with the occurrence at the 24th hour or 
later of the former experiments. 

Increase of the pH of breathing water in this experiment was 
observed to be more marked than in the former experiments. An 
initial acidity of pH 3.00 increased to 4.40 at the end of the experi¬ 
ment, showing an increase of pi I 1.40 in 1 to 6 hours. 

Experiment IV. 

Having found no further noticeable effect upon the blood and the 
pericardial fluid even when the acidity of sea water was considerably 
increased, the fourth experiment was tried, increasing the acidity of 
breathing water as high as pH 1.20. Six oysters were observed and 
the duration of experiment varied from 1 to 24 hours. 

a . Change of the pH. The majority of oysters kept in this sea 
water of very strong acidity showed an exceedingly low value which 
had not been observed in any of the other experiments, and its value 
ranged from 5.20 to 6.40. The lowest value (pH 5.20) was obtained 
in the* two specimens which were kept for 21 hours. The pi I of the 
pericardial fluid also changed in a like manner to that of the blood, 
showing the pH 5.20 and the pH 6.42 respectively. It seems to worth 
special mention that the decrease in the value of pH in this experiment 
was strictly proportional to the duration of the experiment, contrasted 
with rather conflicting results obtained in the three former experiments. 
Since the pH of the pericardial fluid showed changes similar to 
that of the blood, no further comment is given. 

b. Change of the CO ^content . The change of the C0 2 -content in 
the blood and the pericardial fluid in this experiment is a matter quite 
astonishing. Although the CC) 2 -content showed no marked change in 
individual No. 1, after 1 hour in the sea water, it increased later at 
a considerable rate. The C0 2 -content of the blood ranged between 
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5.63 and 55.69 vol^ with a mean value of 33.40 x<A% in the course 
of experiment. The blood C0 2 -content which was shown to be 5.63 
vol % after 1 hour increased to 29.79 xo\% at the end of the 6th 
hour, and reached the maximum of 55.69 vol% after 16 hours. After 
that, however, the C0 2 -content increased no more, but instead it tended 
to decrease in the three individuals which were kept as long as 24 
hours. 

The pericardial fluid also behaved just in the same way as the 
blood. As has been already stated in the preceding page, the C0 2 - 
content of the blood showed the pH 4.22 and the pericardial fluid 
pH 4.00 in the normal condition. Comparing these values to those 
obtained in this experiment one will be deeply impressed with an 
extraordinary increment of C0 2 -content. Such prominent increase, 
however, was never confined to the above mentioned experiment, but 
it was also found in the other experiment which was carried out by 
me under a quite different condition, as will be stated later. As to 
the course of such marked increment, I shall discuss it in the following 
pages. 

The marked decrease of acidity of the breathing water was noted 
in this experiment. The pH 1.20 at the beginning ascended from pH 
1.60 to 5.00 during experimentation. The most prominent instance 
was shown by No. 5, in which the alkalinity rose up to pH 3.80 in 
the course of 24 hours. This increase of pH is assumed to be due 
to the neutralization of acid by the carbonate of the shell, as will be 
stated later. 

c. Condition of the oyster . In the natural habitat the oysters 
exhibit the opening and closing movement of shells quite regularly. 
When, however, they were brought to the aquarium, their normal 
behaviour appears to be much disturbed, and most of them close the 
shells tightly, exhibiting no movement for a long while. In my ex¬ 
periment therefore, I have chosen such individuals which exhibited 
their shell movement immediately after placing them in the jar. The 
oysters usually showed the shell movement at the beginning of the 
experiment, but sooner or later they opened the shells and weakened, 
and seemed as if narcotized, remaining opened. Especially those 
oysters which were tried with the sea water of stronger acidity became 
so weakened at the end of the experiment that only a strong agitation 
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would induce the oyster to close the shells. 

Under the pH 5.00 the oyster showed no particularly unusual 
reaction unless kept in the water for 12 to 48 hours, after which the 
adductor muscle shows a relaxation. Under the pH 3.00 the experi¬ 
ment was carried out twice for a period not exceeding 6 hours, but 
no special changes were noted. However in the sea water which 
gives pH 1.20 a great many small bubbles, say 1 mm. in diameter, are 
evolved from the surface of the shell as soon as the oyster is transferred 
into it, and the water surface of the container became very foamy. 
The generation of gas, which is certainly due to the solution of the 
shell acted on by the high acidity of water, continues till the end of 
each experiment. The assumption that such acidity as instantly 
dissolves the shell will fatally affect the animal on the gill or mantle 
surface was fulfilled. 

In such water as mentioned above the oyster discharges the sperms 
and contaminates the water. In such a case, the breathing water was 
renewed once or twice during the course of experiment. After 24 
hours in this acid water the oyster becomes highly weakened. For 
instance in No. 4, the body colour became somewhat white and opaque, 
mantle showing no contraction by any stimulation, though the heart 
still continued faint pulsation. No. 6 behaved just like No. 4. In 
No. 5, which was the most active among the throe, the body showed 
no colour change, mantle reacted well to the stimulation, and the heart 
exhibited a fine pulsation. 

2. Alkali Experiment. 

To determine whether or not the pH of the blood, as well as of 
the pericardial fluid, can be increased as the result of strong alkalinity 
of the breathing water, and further, whether the C0 2 -content increases 
when the blood pH is raised, was the object of the; present experiment. 
Altogether three series of experiments involving 19 determinations 
have been undertaken. In the first, 9 oysters were placed into sea 
water having the pH 9.00. In the second series the breathing water 
was made equivalent to n/100 in NaOH concentration and 8 individuals 
were used, of which one oyster was examined in the normal state for 
the purpose obtaining a control. In the third series the alkalinity of 
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the water was made equivalent to n/50 in NaOH concentration. 

The pH of the water, in these experiments became markedly low 
with the lapse of time. This may be of course due to the neutralization 
of alkali by the C0 2 evolved by the respiration of the oyster. There¬ 
fore* it was almost impossible to keep a definite pH unaltered for long 
hours. 


Experiment I. 

As is well known, the alkalinity of natural sea water never exceeds 
pH 8.30. The sea water of the neighbourhood of our station generally 
varies from pH 8.00 to 8.20. It was therefore our expectation that 
the oyster, when exposed to the sea water having abnormally high 
alkalinity as was tried in the present experiment should show some 
change in the blood and pericardial fluid. The results of the present 
series of experiments art* given in Table 7. 

a . Change of the pH. In the control specimen (No. 1) the pH 
of the blood was 7.30, while the other specimens showed a great 
increase, giving a mean value of 8 determinations as pH 7.91. The 
lowest value was a pH 7.63 of No. 2, which was exposed for 15 
minutes duration. The highest value of pH 8.40 was given by specimen 
No. 9, which remained for 24 hours. The pH of specimen No. 8, 
which stayed also for 24 hours, showed a value as high as pH 8.30. 
Although the oysters examined at the intervals of 30 minutes, 1, 2, 
6, 12, hours, the increase of pH was not strictly proportional to the 
duration of exposure; nevertheless in general it may be stated that 
the pH is highest in the longest exposed specimen and lowest in the 
shortest exposed specimen. Therefore the effect of high pH water much 
resembles that of the low pH water at the point where the degree 
of change of blood pH is not proportional to the duration of exposure. 
However the effect of high and low pH differ in such a way that low 
pH often increases the blood pH in the course of time, while high 
pH shows no such peculiar relation. 

The pH of the pericardial fluid was also increased as affected by 
the increased alkalinity of sea water, giving a mean pH of 7.75. 
The manner of change of pH is quite similar to that of the blood, 
and therefore no particular mention will be made of it. 



pH AND CCVCONTENT OF THE ULOOD, ETC. 235 

b. Change of the COscontent. The CO*-content of the hloocl 
showed in this case 1.98 vol^ in mean. The lowest value of 1.15 
\o\°/o was given by individual No. 2, which was exposed for 15 minute 
duration. The highest value was 5.31 vo\% in individual No. 7 which 
was examined at 24 hours. The other determinations, which wore 
made at different intermediate periods showed some discrepancy hut 
in general the COjfContent tended to increase with the increase* of 
time of exposure. 

With regard to the pericardial fluid a similar relation was found, 
though some slight difference was shown in detail. 

c. Change of the pH of breathing water. Although in most cases 
the same breathing water was used till the end of the experiment, in 
specimens No. 8 and No. 9 the water was renewed four times. The 
determination of pH was made just before the every renewal of water. 
At the end of one hour after the experiment commenced, namely just 
before the first renewal, the pH became approximately 8.20. However, 
one hour after the 1st renewal, that is, just before the second renewal, 
the pH again decreased to 8.80. Eighteen hours after the* 2nd renewal, 
or just before the third renewal, the pH thrice decreased to 8.00. 
Twenty hours after the third renewal, i. e., just before the 4 th renewal 
the pH became 8.35. Finally at the end of the experiment, that is, 
21 hours after the beginning of experiment, the pH was found to 
show 9.00. 


Experiment II. 

In this experiment the pH was raised as high as the oyster could 
survive for any length of time. For this purpose n/100 solution of 
NaOII with sea water was employed. The pH of n/100 NaOH solu¬ 
tion of distilled water is known to be pH 12.12 ordinarily, but the 
alkalinity somewhat decreases when the solution w T as made with sea 
water, unless some slight excess of NaOH is added. The colorimetric 
determination of the pH of this solution was almost impossible* because 
of an inadequacy of a common indicator such as alizarine* yellow or 
tropeolin 0 for sea water. Therefore the alkalinity was expressed 
here in terms of the normality of the solution instead of the pH. 
a. Change of the pH. In this experiment too, the increase of 
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the blood pH due to high pH of water was clearly observed. The 
mean pH value of 7 determinations showed the pH 7.81, indicating a 
much higher value than that of the normal case. Because of the 
increased high alkalinity of breathing water the rise of the pH was 
naturally to be expected. For instance, in No. 4, No. 5 and No. 6, 
the pH rose as high as pH 8.00 or more, though in individuals No. 
7 and No. 8 the results were somewhat reversed, showing rather low 
pH in spite of its long duration. Such contradiction as seen here 
may be attributed to the peculiar effect of the high pH of water, as 
will be shown by the susceptibility experiment. The pH of the peri¬ 
cardial fluid also showed a quite similar change as in the case of 
blood. 

b . Chang? of the COfContent. The C0 2 -content of the blood 
found in this experiment was less than that found in the former ex¬ 
periment, as will be seen by comparing its mean value (4.63 vol o/ o) 
with that of the former case (4.98 vol^). Though it shows a slight 
increase from that of the control specimen (4.20 vol^), also from the 
mean value of this season (4.10 \o\%), the maximum content which 
was found in individual No. 5 showed no less value than the normal 
one, indicating 6.30 vol^, yet the all other determinations showed a 
by far lower value than that of the former experiment, and the 
minimum content which was observed in the individual No. 3 reached 
such a low value as 2.79 vol %. Besides such general decrease, greater 
fluctuation of each determination characterised this experiment. A 
tendency of increase of pH as the duration of experiment lengthens 
was not found here. 

In individuals No. 7 and No. 8 a peculiar change occurred, showing 
that a longer exposure to the experimental condition produced lesser 
C(Vcontent than that of the shorter exposure. In general the peri¬ 
cardial fluid behaved almost similarly to the blood with minor exceptions 
which hardly need special comment. 

c. pH of the breathing water . In specimen No. 6 the pH of 
water decreased to 8.80 at the fourth hour of the experiment, while 
in specimen No. 8 the pH of the water decreased as low as 7.70 at 
the 16th hour, twice at the 21st and 22nd hours, but thereafter it 
showed no change even when the water was altered three times. 
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Experiment III. 

By the preceding two experiments it was made clear that the 
high pi I of the breathing water materially affects the pH of the blood 
as well as the pericardial fluid within one hour. And the high pH 
of water used in experiment II seemed to have a more severe effect 
than that of Experiment I. Therefore the third experiment was 
undertaken with still higher pH to see whether it affects more severely 
the pH of these body fluids. In this experiment a n/50 NaOH solu¬ 
tion was used as a breathing water. The two oysters were used, and 
the duration of experiment extended only to one hour. The results 
were as follows. 

From an inspection of Table 9, p. 2 If), it will be noticed that the 
pH of the blood and the pericardial fluid of individual No. 1 was 
raised higher than i( was ever seen in the other experiment, while 
No. 2, on the contrary, remained quite unaltered or only very 
slightly so. Such conflicting results produced by the oysters which 
were kept under the same condition was observed already in Experi¬ 
ment II (individual No. 8), and further examples will be given in the 
experiment of susceptibility together with some interpretations regarding 
this curious phenomena. 

The mean value of the C0 2 -content has been found to show an 
intermediate magnitude (4.53 vol?^) of the former two experiments, 
showing but a slight increase when compared with the mean value of 
thus season (4.10 vol%). Thus no distinct parallel change is manifested 
accompanying the alteration of pH. This peculiar behaviour of CO* 
just stated, relative to the change of pH, can be understood when the 
cause of the pH change in this instance is fully explained, which will 
appear later in the discussion. 

Condition of the oyster in the alkali experiments . In the three 
alkali experiments above described, the oyster behaved more or less 
differently from the oysters subjected to the acid experiments. First, 
the weakness due to an altered unnatural condition was not so marked 
in alkali as in acid. Secondly, the oyster did not discharge the sperms 
at all, in contradiction to the case of acid experiment. Thirdly, the 
oyster excreted the faeces as in the natural water, while this has 
never been found in the acid water. The pulsation of the heart 
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apparently showed no change in spite of the long exposure to the 
high alkali water. 


3. Susceptibility Experiment. 

The oysters kept in the acid or alkali breathing water showed an 
instantaneous reaction of either decreasing or increasing the pH of 
the blood as well as of pericardial fluid. The next problem to be 
solved was the maximum rise of pH of internal medium ‘in vivo’ 
together with the durability of the oysfer against such a changed 
condition internally as well as externally. 

For this purpose the acidity was made pH 1.20, and the alkalinity 
to n/100 solution of NaOH. The oysters were kept in these media 
for 48 hours. Three; individuals for the acid experiment and five 
individuals for the alkali experiment were used. In this experiment 
the C0 2 -content of breathing water was especially observed. 

a. Susceptibility for the acid water. 

After an immersion for 48 hours in the acid water as shown in 
Table 10, the pH of the blood was lowered conspicuously, showing in 
the three individuals designated A, B, and C, that the pi I became 
4.90, 4.80, and 5.10 respectively. From the fact that such low pi I 
as attained here has hitherto newer been observed, a severe effect of 
breathing water upon the oyster is evident. At the end of exposure 
for 48 hours in this high acid water the oysters were found to be 
in the following states: 

Oyster A, shells widely opened, which were never closed even 
when strongly agitated; mantle did not contract by 
stimulation, heart ceased its pulsation, thus showing a 
perfect death of the animal. 

Oyster B, in the same state as oyster A. 

Oyster C, although this individual showed extreme weakness 
during 48 hours it surely survived, since the margin of 
the mantle contracted by a stimulation with a needle, 
and the heart showed a feeble but perceptible pulsation. 

The pH of the pericardial fluid showed a fine parallel change to 
that of the blood, except with the specimen A, which showed some- 
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what high pH. As the pH of the blood and pericardial fluid underwent 
such a marked change as above mentioned, the whole body tissue of 
oyster might be assumed to have been bathed in a highly acidic fluid, 
at least at the end of the present experiment. 

The change of CO^content of internal medium in this experiment 
verifies the results obtained from the former experiments. The C0 2 - 
content of the blood of the oyster C, which still survived at the end 
of the experiment showed the highest content, with a value of 41.86 
vo\%. The remaining two individuals, i. e., A and B, showed it to be 
32.00 and 30.51 vo\% respectively, showing that the respiration of the 
animal in the acidified water raises its C0 2 -content in a very distinct 
manner. The C0 2 -content of pericardial fluid also showed a similar 
increase to that of the blood. The C0 2 -eontent of breathing water 
showed a distinct decrease when HCI was added at the start of the 
experiment, giving as low a value as 1.99 vol^. But it increased at 
a rapid rate till the end of the experiment, and finally reached 37.52 
\o\%, 46.52 vol^, and 49.77 \u\°/o in A, B, and C respectively. This 
increase was thus most marked in C and was least marked in A, and 
the rate of the increase was nearly 25 fold in the former and nearly 
19 fold in the latter. The cause of this increase undoubtedly depends 
on the dissolved CaCO s of the oyster shell in the breathing water as 
is indicated by an evolvement of bubbles on the surface of the shell. 

The increase of pH of the breathing sea water during the course 
of the experiment has been observed very accurately. It increased to 
pH 2.20 in the specimen A, pH 4.40 in B, and pH 4.60 in C. Such 
increase may in part be due to the neutralization of acidity by various 
body fluids of the oyster, but probably the greater part of it is due 
to the dissolved shell carbonate. During the experiment the breathing 
water was renewed at the 20th hour, when the acidity was pH 1.60 
in A, pH 1.50 in B, and pH 2.00 in C. Again at the 30th hour it 
was once more renewed when the aciditv was pH 1.90 in A, and pH 
2.20 in both B and C. 

One of the noteworthy facts in this experiment was that the oyster 
never excreted the faeces, contrarily to the alkali experiment in which 
the oyster excreted the faeces as in the natural water. Another 
noteworthy fact was that the heart remained swollen, filling the pericar¬ 
dial cavity, while in the alkali experiment it shrank into a small lump. 
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On the whole, the oyster survived as long as the blood pH was 
held above pH 5.10 and only a slight further decrease to pH 4.80 or 
4.90 was fatal to the oyster. Therefore so far as the present experi¬ 
ment is concerned the oyster can survive if the pH of the blood does 
not fall below the pH 5.00. 

b. Susceptibility for the alkali water. 

The behaviour of the oyster kept in the alkali water of concentra¬ 
tion of n/50 to n/100 of NaOH varies considerably, for instance 
the oysters kept for 12 hours or more in the alkali water mentioned 
above show no change in some cases (No. 7 and No. 8 in Table 
8, and No. 2 in Table 9). Among the five individuals employed 
in this experiment a marked rise of pH was noted with B and C, 
and no change with A, D, and E at the end of 21 hours. Therefore 
it may be said that the behaviour of the internal medium of the oyster 
differs highly according to the individuals. So that the contradictory 
results found in the present experiment as well as in the previous 
experiments can not be accidental, and I shall take up this matter in 
the discussion. 

The oysters kept in this alkali water then survived well, and showed 
relatively a little weakness, in contrast with the oysters kept in the 
acid water. Among the five specimens, A and B showed a moderate 
weakness, and the heart shrank a little, continuing a slow pulsation. 
In specimen C the heart shrank to such an extent that the blood 
was with difficulty collected though the mantle distinctly responded 
to the stimulation. Specimen D and E showed no marked weakness, 
and furthermore showed very active pulsation of the heart. 

The COj-content of the blood in this experiment showed 4.72 \o\% 
in maximum, 3.16 vol^ in minimum, and 4.03 vo\% in mean. This 
mean is somewhat low when compared with the mean value obtained 
from the normal oysters of this season (4.10 \o\%). In general a 
slight decrease of CO*-content is noted with the oyster kept in the 
strong alkali water. The mean value of C0 8 -content was slightly 
higher in the pericardial fluid than in the blood, though both showed 
a decrease under the alkali condition. 

The COf-content of the breathing water was about 4.00 vo\% at 
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the outset of the experiment, which however, decreased to as low a 
value as 1.54-2.30 vol?6 at the end of the experiment. Concerning 
the real cause of this decrease just given, we must await further future 
investigation. 

The breathing water was changed four times (after 7, 20, 35, and 
45 hours) during the experiment, yet the pH showed a marked 
decrease in each case as will be seen from the following: 




Specimen 


Renewal of water 

A 

B 

C 

Start 

n/100 

n/100 

n/100 

After ra. 7 hours 

pH 8.60 

| pH 10.00 

pH 10.00 

After ea. 20 hours 

pH 8.46 

* pH 8.36 

pH 8.35 

After ra. 36 hours 

pH 8.75 

pH 8.70 ; 

pH S.70 

After ca. 46 hours 

pH 8.40 

pH 8.40 

pH 8.40 


The reaction of water is thus subjected to a marked change. As 
to the cause of this change, though the metabolism of the oyster itself 
undoubtedly plays an important role, >et the effect of respiration and 
photosynthesis of many organisms which are attached to the she'll of 
the' oyster can not be neglected. 

In short the' oysters survived well under such alkalinity as tried in 
this experiment, and none of the individuals died till after 18 hours. 
Consequently it may be concluded that the high alkalinity around pH 
12.00 (more correctly n/100 NaOH solution) does not affect the oyster 
so seriously as the pH 1.20 (neighbourhood of n/100), which was fatal 
without exception for the same time limit. 

4. Air Exposing Experiment. 

Colup’s 4) interesting finding that the Mya arenaria increase's the 
C0 2 -content of the coelomic fluid when it was exposed in the air, 
induced the author to make a similar test with the hope to determine 
whether the CO*-content of the blood and the pericardial fluid of the 
oyster increases by the same cause or not. For this purpose a series 
of experiments was conducted with the oyster. The oysters were 
exposed to the air, placing them on the floor of the laboratory. The 
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determinations were made 9 times on nine individuals, and one of 
them was examined immediately after it was taken out from its native 
water, in order to secure the normal data. The remaining 7 individuals 
were examined once for twenty-four hours during the successive 7 
days. The pH of both blood and pericardial fluid was examined 
simultaneously. 


TABLE 11. 


Cftsr 

content 
(vol %) 


© 

-.3 a 


Air temp. 


pH 


Dimension of 
specimen 


Date (Sept. 1928) 


27.0 

27.0 

27.6 

27.6 

27.6 

27.6 

27.6 

26.1 

28.0 


26.8; 
27.0! 
29.0; 
26.0; 
26.1' 
25.8! 
22 . 0 * 
24.0 ; 


-o 

8 

5 

I 

7.46 

7.20 

7.00' 

7.06! 

6.90 

6.80' 

6.80, 

6.60 

6.70 


1 x .a■ 

l£*i 


1 : ’C? | §6*| 'S'i” 1 


CQ 10 .' 


7.40! 4. 
7.16! 7. 
6.9011. 
7.0011. 
6.90:22. 
6.7032. 
6.80'38 ( 
6.7040. 
6.65I86. 


36 4. 
221 7. 
46;ll. 
28'11. 
48 20. 
60 32. 
0034. 
19,34. 
00131, 


Cs 

0Q 


& 

as 

O 


12 . 0 ’ 
17.0, 
15.0 
16.0; 
14.5, 
14. o: 
16.0| 
13.6; 
13. o; 


9.0 

9.6 

8.9, 

8 . 6 , 

9.0 

10.0 


320 
570 
380 
430 
340 
420 

8.6 450 i 4-10 
8.6 370 ! 12-19! 
9.0 390 ! 9-16| 


10 

9 

4-6 

4-7 

4-8 

4-9 


Hour 


9.00 a m 
4.30 p m 

11.00 a m-11.00 am 


3.00 p m- 3.00 p m 
4.00 pm- 4.00 pm 


a. Change of the pH. 

i. Change of the pH of blood. Control specimen (No. 1) showed 
its blood alkalinity to he pH 7.45, indicating the highest value in this 
experiment. In specimen No. 2 which was exposed for 24 hours to 
the air, the blood pH has been found to he 7.20. Specimen No. 3, 
which was exposed for 48 hours, showed further decrease in pH of 
the blood, giving 7.00. The specimen No. 4, happened to show a 
little higher value of pH than the former case at the end of the 3rd 
day. The specimen No. 5, however, showed the ordinary decrease, 
giving pH 6.90 on the 4th day. The lowering of the pH continued 
till the 7th day, attaining to a minimum value pH 6.60. After the 
7th day additional determinations were made twice, and one showed 
it to be pH 6.60 while the other showed pH 6.70. At any rate the 
pH of the blood showed a distinct decrease in the course of 7 days, 
and finally it reached such a low value as is never met with in normal 
condition. 
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ii. Change of the pH of pericardial fluid . The change of the 
pH of pericardial fluid behaved similarly to that of the blood pH in 
general. The degree of alkalinity of pericardial fluid (pH 6.91), 
however, showed a smaller value in terms of pH compared with the 
mean pH of the blood (pH 7.17). 

In short the pH of these fluids stays well within the normal range 
until the 4th day, after which it became exceedingly low, beyond the 
normal range. The value of the pH at five days or later indicates 
more alkaline reaction than that given by the acid experiments I 
and II. Therefore it was my expectation to find a lesser amount of 
C0 2 -content for the value of pH given after five days of experiment, 
because in the light of the acid expeirment any marked increase of 
CO s -content cannot be expected for such a range of pi I. Contrary 
to my expectation an astonishing increase of C0 2 -content was found, 
thus showing the presence of a remarkable difference between the air 
exposing and the acid experiment, as will be stated in the following 
lines. 


b. Change of the C0 2 -content. 

i. Change of the Corcontent of the blood . Quite contrary to the 
change of the pH, the C0 2 -content of the blood showed a great 
increase. At the outset of the experiment the control specimen (No. 1) 
showed the C0 2 -content to be 4.35 vol 96 , a most representative 
value. It became, however, 7.22 xo\% after being exposed for 1 day, 
indicating an increase of 1.66 fold. Then it increased to 11.46 vol 96 
at the end of 2nd day, or 2.63 fold of the initial value. Three days 
after, however, it showed no increase, or rather a slight decrease. 
This decrease, however, indicates individual difference. At the end of 
the 4th day C0 2 -content promptly increased up to an amount of 22.48 
vol °/o, showing an increase of 5.17 fold. On the fifth day it sprang 
up to 33.50 vol Yo or 7.70 fold of the original value. 

The increase continued further until it showed 38.00 vol 96 on the 
6th day and 40.19 vol 96 on the 7th day, indicating an increase of 
8.73 and 9.23 fold respectively. In another determination on the 7th 
day it was found to be 35.00 vol 96 . Therefore the maximum value 
attained at the end of a week is 40.19 vol 96 . 
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Fig. 4. Ordinate (Left side) — CO-j vol. 

Ordinate (Right side) — pH. 

Abscissa — Date. 

The circles represent the blood. 

The dotts represent the pericardial fluid. 


From an inspection of the accompaying figure it will be observed 
that the rate of increase in the course of a week is most rapid on 
the 4th and 5th days, and during the first three days and the last 
two days the increase is less rapid. 

ii. Change of the COrcontent of the pericardial fluid . The CO f - 
content of the pericardial fluid showed always a lesser value throughout 
the entire course of experiment, and other marked differences were 
found. 

From the present experiment it is clear that the pH and the 
C0 2 -content of the internal medium of the oyster are changed definitely 
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when the animal is exposed to the atmospheric air for some days. 
A similar change was observed also when the oyster was forced to 
respire in the strong acidic water (Acid Exp. I and II). Therefore 
it can be said that the oyster manifests a like physiological response 
either when it was exposed to the air or to the acidic water. But 
the manner of change in both cases is not entirely the same. 

In the oysters kept in the strong acid water pH of the internal 
medium decreases very rapidly. For instance it reached as low a pH 
as 6.10 to 6.30 within 30 minutes, when kept in the water of the 
pH 5.00. The pH tends to increase very slightly in course of time 
(Acid Exp. I. II), while the lowest pH attained by a survived oyster 
in the Acid Exp. IV was pH 5.20. On the other hand the decrease 
of pH due to the air exposing is very slow and the pH decreases 
regulary with the lapse of time. Furthermore the change is much 
milder than that shown by the acid experiment, reaching to a minimum 
pH 6.60, which is far higher than the minimum given by the acid 
experiment. 

The change of the C0 2 -content also shows distinct difference be¬ 
tween the acid experiment and the air exposing experiment. 

In the acid experiment the C0 2 -content shows a marked increase 
which is accompanied by the increased acidity of the blood, but the 
strength of the acidity is not always proportional to the C0 2 *content 
(Acid Exp. I and II). When however the pH fell below 6.00 the 
C0 2 -content abruptly sprang up to an astonishing amount of 55.69 
\o\% both in the blood and in the pericardial fluid (Acid Exp. IV 
and V). Whereas in the course of air exposing experiment the C0 2 - 
content increases reciprocally to the pH value, as can be clearly seen 
in Fig 4. 

Furthermore the maximum C0 2 -content caused by the air exposing 
attained but 40.19 vol?6 in blood, while the maximum C0 2 -content 
caused by the strong acid water exceeds this value to a considerable 
degree as already mentioned. 

According to the results of Comp* 0 the CCV^ntent of the coe- 
lomic fluid of Mya arenaria increases considerably with time, when 
it was exposed to atmospheric air. His data shows that the normal 
CCVcontent of the coelomic fluid of this animal ranges from 6.5 to 
11.2 vol %. After the exposure for 24 hours it increased to 28.2 to 
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38.0 vol # indicating an increase of 3 to 4 (fold. This increase con¬ 
tinued further, showing 65-69 vol 96 after two days, 78.2 vol# after 
three days and at last it reached a maximum value of 105.0 vol# 
after 4 days, showing the increase of nearly 10 fold. 

Comparing these results with the present case the following dif¬ 
ferences will be noticed: (1) The normal C0 2 *contcnt of Mya is much 
higher than that of the oyster. (2) The rate of increase of CO*«content 
is more rapid in Mya than in the oyster. (3) The highest CO*-content 
attained is 105 vol# in Mya at the end of 4th day while in the 
oyster it was only 55.69 vol# at the end of 7th day. 

Discussion. 

The fact that the heart of the oyster survives highly actively in 
the ordinary sea water as long as 14 days, rendered the author ta 
entertain a question whether there may exist some close relation 
between the pH of sea water on one hand and the pericardial fluid 
and the blood on the other. As is generally known the alkalinity of 
sea water is mostly found to be above the pH 8.00, showing a higher 
value than the pH of the blood of most animals. But the pH of 
the blood in some marine lower animals show a fairly high value, 
as is reported in my previous paper 10 . For instance, in Area a 
large bivalve, the blood pH was shown to be pH 7.75 indicating close 
approximation to that of sea water. Therefore one is tempted ta 
assume that the pH of the sea water is the most favourable medium 
for the organs of most marine animals including the oyster heart. In 
fact, however, the pH of the blood and pericardial fluid of oyster is 
usually much lower than that of sea water when it is compared with that 
of Area (pH 7.75) or Caudina (pH 7.79) and rather approximates that 
of some fishes (Salmo iridius pH 7.28, leuciscus haktiensus pH 7.35) 
(2) or even mammals (neighbourhood of pH 7.40). The protein error 
of the blood and pericardial fluid was found to be negligible owing 
to the scantiness of protein or salts in these fluids, although there is 
another possibility of the existence of two different kinds of proteins, 
which gives the opposite error to an indicator, thus minimizing the 
protein or salt errors (7). 

Collip finds that the C0 8 -content of the coelomic fluid of Pelecy- 
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poda mollusca, Mya armaria, ranges from 6.5 to 10.2 vo\% when 
it was equilibrated with atmospheric air. In many other peleeypoda 
species such as Saxidomus , Macoma , Mytilus , and Cardium the C() 2 - 
-content of coelomic fluid showed nearly a similar value, excepting 
Paphia in which this value is high as 29 vo\%. The author 0 
found that the C0 2 -content of the blood of Area (a bivalve) and 
Caudina (an echinodermata) to be 6.3 vol % and 8.5 vol °/o respectively. 
In the present investigation the C() 2 -content of the blood and pericar¬ 
dial fluid was found to be 4.22 vol and 4.00 vol% respectively. As 
will be seen from these figures the CO,-content of the blood and the 
pericardial fluid of the oyster is very low as compared with the 
blood and the coelomic fluid of other marine lower forms given in 
the above. The CCVcontent of sea water which was often exammined 
during the course of the present experiment varied in the range of 
3.95 to 4.20 w\°/o thus showing a close approximation to that of the 
blood and the pericardial fluid of the oyster. In spite of such resem¬ 
blance of alkali reserve there exists a distinct difference between sea 
water and the fluids of the oyster with regard to its pH value. The 
reason why such difference arises may be explained by a difference 
of the tension of free C0 2 in these fluids. In the blood or the 
pericardial fluid the alkalinity i. e. combined carbondioxide will be 
oppressed by the presence of a greater amount of free C0 2 which 
was produced from the tissue, and the reaction will be more or less 
shifted to the acid side. While as sea water has no such C() 2 its 
pH will be kept higher than that of the blood or pericardial fluid. 

I now wish to give some comment concerning the behaviour of 
these fluids to the altered condition of sea water. 

As has been already mentioned, the oyster alters blood pH as well 
as the pH of the pericardial fluid distinctly, in responee to the pH 
change of breathing water. In the acid experiments it was found that 
the speed of this change is very rapid and it can be recognized as 
soon as within 30 or even 15 minutes after the animals are placed 
under an altered condition. For instance an individual (No. 2) 
decreased its blood pH from normal value to pH 6.10 within 30 
minutes when it was immersed in the acid water (pH 5.00). This 
decrease may be regarded as a change due to the influence of the 
low pH of external medium. Consequently it may be allowable to 
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believe there occurs a penetration of H ion from breathing water 
into the blood as well as to the pericardial fluid. The penetration 
of acid into living tissue is not yet fully studied, but according to 
Taylor n> the acid can penetrate through a living membrane either 
in the form of an undissociated molecule or by the simultaneous 
passage of H ion and anion. Therefore in my experiment also the 
HCI in water would have penetrated into the animal body either in 
form of ion or molecule. 

It was noted in the Acid Experiments I, II, and IV that the pH 
change of internal medium (blood and pericardial fluid) gives conflic¬ 
ting results. That is, in Acid Experiments I and 11 the pH of internal 
medium tends to increase for 12 or 2i hours, while in Acid Experiment 
IV the pH of internal medium rapidly decreases with time. These 
contradictory results may have been produced by a difference of the 
pH in the breathing water in these two experiments. In the Experi¬ 
ment I and II the pH of the water was not so high as that of the 
Experiment IV. In Experiment I and II the pH decreased immediately 
by a rapid penetration of acid, which in turn from the neutralization 
of the acidity showed a temporary increase of the pH of internal 
medium later. While in Experiment IV, because of very strong 
acidity of breathing water, the alkali reserve of the internal medium 
could not defend a decrease of pH, thus producing a progressive 
decrease of pH in internal medium with the course of time. 

The next subject to be discussed is a more important one, i. e. 
the change of the C0 2 -content. The C0 2 -content in the blood, that 
is alkali reserve, is known to have an intimate relation with the 
respiration, particulary upon the soealled phenomena of ‘acidosis’ irv 
higer animals. In lower animals, however, this relation has been 
studied very little until Collip’s result 4Jt) was published. The relation 
of my own observations on the oyster to the study of Colijp and 
further to the more general subject of the acid base problem will 
be discussed in the following. 

Remarkable findings in my acid experiment are first that the CO s - 
content of the internal medium decreases at first and then increases 
when the animal is immersed in the moderate acid water (Acid Exp. 
I, II), and secondly that the CO*-content of the internal medium rises 
gradually and continuously to a great extent, when the animal is 
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subjected to respire in the water of strong acidity (Acid Exp. Ill, IV). 
Thus the question centers on the significance of the difference found 
between the moderate and intense acid experiments. 

The decrease of CO s -content in the beginning of the experiment 
of moderate strength of acid has been emphasized in each experiment, 
and it was attributed to the neutralization of proper alkali reserve 
due to HC1 which has rapidly invaded the internal medium from the 
outer medium. The increase shown in the later stage may also be 
due to the same nature as the increase observed in the K\p. IV, 
where much stronger acid was used. 

When the oysters were submitted to respire in the low pH water, 
the IIC1 diffused into the blood, probably through the gill membrane 
at first and finally from all over the surface of the mantle. If the 
blood becomes thus acidic, the tissue which is bathed in the blood 
and also in the pericardial fluid will become more and more acidic 
in the course of time. In the beginning of acid invation the alkali 
reserve of the blood or possibly the sodium bicarbonate will first 
neutralize it. But it is very evident, however, that the quantity of 
alkali contained in the blood is insufficient contrasted with the intense 
acidity of the breathing water. It is an extraordinary fact that in spite 
of such poorness of the alkali reserve the blood is able to counteract 
for the decrease of its pH to such an extent as to enable the oysters 
to survive as long as 24 to 48 hours under an acidity as high as pH 
1.20. Such unique control of acid base balance* can not be maintained 
unless there were a powerful regulative ability in the body of the 
oyster. The ability just stated is manifested by the important role 
played by the shell carbonate ol the oyster. 

The fact that the C0 2 -content of the internal medium of the oyster, 
which shows a normal to be 1.00-4.22 vol °/o increased to 55.69 \u\% 
already has been emphasized in the appropriate places. Such an 
immense increase can not be explained unless we presume an existence 
of a vast quantity of alkali reserve in the body of the oyster. This 
large quantity of the alkali reserve must be attributed to the shell of 
the oyster. This idea was first maintained by Cojjjp 4) in his sludv 
of the anerobic respiration of Mya armaria . In his case the* increased 
carbon dioxide in the blood raises the blood acidity and in consequence 
of this acidity the calcium carbonate of shell dissolves in the blood, 
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and increases the CO* reserve in the blood. For explanation of my 
results the utilization of shell carbonate against increased acidity has 
been also assumed. As to the cause of acidity, however, a different 
interpretation is needed, since in place of the carbonic acid in Collip’s 
case invasion of HC1 from water is responsible. The following equation 
will illustrate these relations just stated. 

CaCO s 4-2 HC1 —CaCl 2 -f COj + HoO 

By this reaction the carbon dioxide and the calcium chloride will 
be increased in the blood. But as the carbon dioxide will be immedia¬ 
tely dissolved and will act as an acid the shell carbonate will be 
furthermore dissolved. The subsequent formation of calcium bicar¬ 
bonate from calcium carbonate will be seen from the following equation. 

CaCOi + HiCOn—Ca(HCO,)*. .. .(Comp’s equation) 

The calcium bicarbonate thus formed will serve as an excellent 
alkali reserve. 

As will be seen from the above two equations the HC1 is certainly 
effective, but its action is a rather indirect one, because the formation 
of Ca(HC0 8 ) f will not take place in the absence of CO*, which is 
found by the interaction between HC1 and CaC0 3 . In fact the CO* 
in this case may have played an important role. For the solubility of 
CO* in a fluid such as blood or serum is by no means small, and 
consequently the amount of carbon dioxide contained as free CO* may 
be very large. Therefore that the CO*-content observed in the acid 
experiment must have been composed partly of calcium bicarbonate 
and partly of free CO* dissolved becomes highly probable. 

This relation can readily be made clear by extracting the free CO* 
alone from the sample to which no acid was added. But instead of 
such a test I have tried for the same purpose a small experiment in 
which 1 gm of powdered shell was added to 10 cc of acidified sea 
water (pH 1.20), and shaken vigorously. After standing at 25°C for 
12 hours the water was found to contain 45.17 vol?6 of total CO*, 
and of which 26.03 vol^, i. e. 50^6 of total CO„ was found to be the 
free CO* dissolved. From these results just given, and moreover taking 
into consideration the small solubility of Ca (HCO*)*, I am inclined 
to maintain that the increase of CO* in the internal medium as well 
as in the external medium (as can be seen in the breathing water of 
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susceptibility experiment) may be attributed rather to the free CO, 
than to the Ca(HCOa)*. 

Turning now to the alkali experiment, the speed of the change of 
pH has been found to be almost similar to that of the acid experi¬ 
ment, concerning both the blood and the pericardial fluid. The increase 
of the pH in this case may probably be due to the increase of OH 
ion, which has penetrated from breathing water to the internal fluids. 
The fact that the increase of OH ion occurs equally rapidly with the 
increase of H ion may be ascribed to the great adsorbability of these 
ions, when the traversing mechanism of these ions has been assumed 
as according to the adsorption phenomena, as Taylor ' 0 maintains in 
his explanation of the penetration of HC1 through the cell membrane. 

In Exp. 1 and Exp. II the pH of internal medium increased almost 
regulary during 24 hours of the experiment. Whereas in the Exp. 
Ill and in the experiment of susceptibility in which the experiment 
was conducted under severe alkalinity and continued as long as 48 
hours, the change of the pH was not so regular as in the former 
cases. In fact some individuals showed a permanent rise in pH, while 
in the other the change was almost inappreciable or none. These 
irregular results can be taken as the peculiar effect of the severe 
alkalinity of breathing water. However from the result of Experiment 
II it can also be assumed that even the individuals (e. g. No. of Table 
VIII and No. of Table IX) which maintained their pH unaltered might 
have once increased their pH at the beginning of the experiment. If 
this was the case, the OH ion which once increased in the internal 
medium must have been excreted by some physiological process, and 
further the penetration of OH ion from breathing water must have 
ceased after that time. The excretion of excessive OH ion may pro¬ 
bably have been carried by the kidney, while the faculty of preventing 
the inversion of OH ion may be accounted for as according to the 
change of the character of the gill membrane due to the severe 
alkalinity of breathing water. 

The question why some individuals can regulate the pH while 
others cannot, or the question as to on what mechanism depends the 
regulation of permiability of gill membrane against OH ion cannot be 
answered as yet. 

A special finding resulting from the alkali experiment revealed the 
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fact that the blood alkali behaved in a quite different manner as 
compared with that of the acid experiment. In the alkali experiment 
the C0 2 -content showed no distinct change, notwithstanding that the 
pH of the blood and pericardial fluid showed a distinct change. The 
rise of the pH then apparently is not due to the formation of sodium 
bicarbonate in the blood, but due to a mere increase of OH ion which 
invaded from the breathing water without accompanying the sodium 
ion, because the COv-content must have been increased if the molecules 
of NaOH or both the anion and the cation of this salt penetrated 
simultaneously into the blood, as they would produce sodium bicarbo¬ 
nate or carbonate according to the following equations. 

NaOH f H fi CO s =NaHCO, + H 2 () 

2NaOH4 H 2 C0 3 -Na 2 C0,4 2H 2 0 

But any alkali the production of which is demanded by the above 
equations was not detected. It seems therefore reasonable to suppose 
that the high alkalinity of breathing water changed the structure 1 of 
the gill membrane so as not to allow the NaOH molecule or Na ion 
to permeate. I may add also that it will not be unreasonable to 
presume that the OH ion alone has penetrated the gill membrane 
leaving the cation outside, though such would immediately build up 
an opposing electrostatic potential unless there might occur some 
compensation process at the same time. Because this compensation, 
I think, will be satisfied by the outward shifting of anion HC0 5 
which is yielded by a dissociation of H*C0 8 in the blood. 

As to the air exposing test, the decrease of pH may be ascribed 
to the production of the C0 2 in the blood. The increase of CO s - 
content observed in this experiment may undoubtedly be associated 
with the dissolved shell carbonate as is believed by Colup 4) . He 
explained the increase of C0 2 -content by an equation cited in the 
preceeding page and it is most probably applicable to the case of the 
oyster. 

Collip 4) suggested that Mya arenaria is a facultative anerobic 
organism by assuring that this animal yields the carbon dioxide in 
boiled sea water as well as when it was exposed to the atmospheric 
air. I think this may also hold good with the case of the oyster. 

In my air exposing experiment the CO*-content of the blood rose 
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from 4.35 to 40.19 vol# in the course of one week, showing an 
increase of 35.84 vol#. So that the increase of 35.84 vol# may be 
taken roughly as the product of anerobic respiration. If, therefore, 
this CO* was assumed to be evolved from the combustion of a carbo¬ 
hydrate such as glycogen, and if this assumption turns out to be true, 
then the same amount of oxygen must also be combusted. Conse¬ 
quently, if the quantity of the blood of an oyster is assumed to be 
20 cc., then the C0 2 produced in the blood must be nearly 7.2 cc.. 
This assumption leads us to conclude that the amount of oxygen 
consumed in a week must also be 7.2 cc., or equivalent to the amount 
of oxygen contained in about 1 litre of sea water. Since there are 
no other resources to supply such a greater quantity of oxygen we 
are forced to conclude that it was supplied by the anerobic process. 

I think it is least probable that the oyster respires aerobically 
through the mantle surface, though it sometimes opens the shell in 
the atmospheric air. I have as yet no data sufficient to discuss this 
question, so it is reserved to the future. 

Finally I wish again to emphasize the facts concerning the suscepti¬ 
bility of the oysters to the change of experimental media. The fact 
that the critical hydrogen ion concentration of blood for the survival 
of the oyster has been found to be pH 5.00 and the pH of 1.80 or 
even 4.90 is fatal, seems to be highly significant, because the isoelectric 
point of serum protein of the oyster must possibly be in the neigh¬ 
bourhood of these pH. According to Tadokoro and Watanabe h> 
the isoelectric point of blood protein of Caudina chilensis (an echino- 
dermata) lies between pH 4.78 and 4.90 which agreed, though perhaps 
accidentally, with the value just mentioned. At the isoelectric point 
the blood will show much different physical properties as compared 
with the case in the normal pH. For instance the osmotic pressure 
and viscosity will be minimized and the charge of the blood cell will 
be changed. Therefore it is presumed that the blood of the oyster 
would have altered its properties in a great degree near the death 
point. 

Summary. 

(1) Data are given to show the normal pH and corresponding 
C0 2 -content of the blood and the pericardial fluid of the oyster, and 
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moreover to determine the threshold pH concentration, which kills 
the oyster within 48 hours. 

(2) Data are given to show the varied responses of the blood and 
pericardial fluid of the oyster to the pH change of breathing water, 
and further to show the respose to the exposure to the atmospheric 
air. 

(3) The normal pH has been found to be 7.24 in blood, and 7.16 
and 7.11 in pericardial and body fluid respectively. The C0 2 -content 
was found to be 4.22 \o\% and 4.00 \o\°/o in blood and pericardial 
fluid respectively. 

(4) The pH of the blood and the pericardial fluid was submitted 
to a seasonal change, decreasing in early summer and increasing in 
early winter. 

(5) The blood, pericardial fluid, and body fluid show no appreciable 
protein error in determining the pH by means of the indicator method. 

(6) The relation between the pH and the C0 2 vol?6 with respect 
to the blood and pericardial fluid was found to be as follows. 

CO, vol?6 = 1.87 pH-9.49. .. .Blood. 

C0 2 vol 96 = 1.31 pH-6.49...-Pericardial fluid. 

(7) The pH of the blood and pericardial fluid of the oyster rapidly 
decreases when it is subjected to the respiration in the water of high 
acidity. The lower limit of the decrease of pH ‘ in vivo ’ has been 
found to be pH 5.40. This decrease of pH appears to be due to the 
penetration of acid from breathing water into the body. 

(8) The CXVcontent of the blood and pericardial fluid of the 
oyster gradually increases, when it respires in the water of high acidity. 
The maximum limit of this increase 4 in vivo ’ has been found to be 
55.69 vol %. This increase of C0 2 *content is considered to be due 
partly to the formation of calcium bicarbonate and partly to the free 
C0 2 dissolved in the blood and the pericardial fluid. 

(9) The pH of the blood and the pericardial fluid of the oyster 
rapidly increase when the animal is submerged in the breathing water 
of high alkalinity. The upper limit of this pH increase ‘ in vivo ’ has 
been found to be pH 8.45. This increase of pH is surely due to the 
penetration of OH ion from the breathing water. 

(10) The COrcontent of the blood and the pericardial fluid of the 
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oyster remains unaffected by the increase of blood pH. This was 
probably due to the selective permeability of plasma membrane, which 
enables the OH ion alone to permeate, because if Na ion or NaOH 
molecules penetrate into the blood the C0 s ‘content must increase, as 
they will combine with the C0 2 evolved from tissue. 

(11) The (XVcontent of the blood and the pericardial fluid of the 
oyster increases and the pH of these fluids decrease when the animal 
is exposed in the atmospheric air. The former increase was probably 
due to the formation of calcium bicarbonate in the blood, and the 
latter decrease to the increase of CO* in the blood. 

(12) The critical concentration of low blood pH which kills r the 
oyster within 48 hours has been determined to be in the neighbourhood 
of pH 5.00. 

(13) Susceptibility of oyster to high alkalinity (n/100 NaOH) is 
greater than to the high acidity (pH 1.20). In the former case the 
oyster survives for 48 hours while in the latter case they mostly die 
within 48 hours. 


November, 1928. 


LITERATURE CITED. 

1) Takatsuki, S., 1927. Physiological studies on the rhythmical heart pulsation in the 

oyster, Ostraea circumpicta Pils. Science Rep., TAhoku Imp. Univ., 4th 
Series, Vol. II, No. 3, pp. 301-324. 

2) Kokubo, S., 1927. On the hydrogen ion concentration and the CO**gas content 

and capacity of fish blood. Science Rep., TAhoku Imp. Univ., 4th Series, 
Vol. II, No. 4, pp. 325-359. 

3) Austin, J. H. and Cullen, CL E., 1926. Hydrogen ion concentration of the blood 

in health and decease. Medicine monograph, VIII. 

4) Colmp, J. B., 1921. Studies of molluscan coelomic fluid. Jour. Biol. Chem., Vol. 

XLV, pp. 23-49. 

5) Colmp, J. B., 1920. The alkali reserve of marine fish and invertebrates. Jour. 

Biol. Chem., Vol. XLIV, p. 329. 

6) Taylor, N. W., 1928. Acid penetration into living tissues. Jour. Gen. Physiol., 

Vol. XI, No. 3. pp. 207-219. 

7) Elizabeth, H. and others., 1927. The protein error in estimating the pi I with 

neutral red and phenol red. Biochem. Jour. Vol. 21, pp. 356-361. 

8) Tadokoro, T. and Watanabe, S., 1928. Chemical studies on sex difference of 

blood protein in Caudina chilensis Mull. Science Rep., TAhoku Imp. Univ.,. 
4th series, Vol. Ill, No. 4, Ease. 1, pp. 535-545. 




The Power of the Adductor Muscle of the Oyster, 
Ostraea circumpicta Pils. 

By 

Tadashi Tamura. 

(The Marine Biological Station of the T6hoku Imperial University, 
Asamushi, Aomori Ken, Japan.) 

1. Introduction. 

It is a matter of common knowledge that in order to open the 
shells by mere pulling against the contracting power of the adductor 
muscle requires considerable strength. Many physiologists have focussed 
their attention on this unique phenomenon for a long time. 

Formerly Plateau (Regnard 1891, and Flattely and Walton 
1922,) studied the power of the adductor muscle of several bivalves, 
<md found that the number of gms. required per cm 2 of the section 
area of adductor muscle in order to overcome the closing power is 
enormous, and also found a wide range of difference among many 
species of Lamellibranchia in this regard. Plateau, however, limited 
his observation to determination of the absolute power of the adductor 
muscle, and therefore the question of the durability against the maximum 
weight was untouched. The present investigation was carried out to 
determine not only the power which was needed to tear off the 
adductor muscle of the oyster and other common bivalves, but has 
been extended to the observation of spontaneous shell movement, with 
or without loading with weight, and also the estimation of the power 
of the ligament against the natural closing power. The present 
experiment was carried out during the summer months of 1928 at 
the Asamushi Marine Biological Station. The oyster, Ostraea circum¬ 
picta Pils, which is found in abundance on the rocky tidal shore in 
the vicinity of our station, and the other common bivalves used, were 
•collected at the same locality. 
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2. Mkthod. 

For determining the strength of the adductor muscle of the oyster 
the ventral shell was tightly fixed with a strong wire along the under 
side of an iron bar which was attached to an iron stand. In order 
to pull the adductor muscle vertically by a hung weight, a small 
hole was made on the dorsal shell near its margin, and through this 
hole the weight was hung by means of strong wire. The power of 
the muscle was estimated in terms of the weight which was necessary 
to pull the shells apart (Fig. 1). We assumed that the adductor 
muscle is an elastic body, and the amount of work W, done by the 
adductor muscle against loaded weight (w) was calculated by the 

following formula. 

w=ir w .ft) 

where ad=distance in centimeters 
from ligament to the 
center of adductor 
muscle. 

ac=distance in centimeters 
from ligament to the 
point where the weight 
Fig. 1. hangs. 

w—hung weight in gram. 

The section area cm 4 of the adductor muscle (e) was measured 
by using the planimeter. Finally the power of the adductor muscle 
per cm* of section area was calculated by the formula (2). 

~ =gms. per cm 4 section area.(2) 

In order to observe the shell movement of the oyster under a 
loaded condition the apparatus equipped as aforementioned was dipped 
into a jar which was filled with running sea*water. The shell move¬ 
ment was recorded by the usual kymographic method, attaching a 
fine wire to the right shell, which was connected to a lever (Fig. 2). 
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3. Experiments. 

kxp. 1 . The Opening and closing movement of the oyster under 
thie rlortnal condition. 

tJhder the norma] condition the oyster makes an opening and 
closing movement. Five oysters the body weights of which ranged 
from 430 to 520 gms. were submitted to the experiment as soon as 
these were collected. The observations on the shell movement were 
made during a period of hours under almost similar conditions. The 
results obtained are given in Table 1 (p. 272). 

As will be seen from Table 1, two of the specimens employed 
showed the spontaneous movement of the shells for 24 hours conti¬ 
nuously, and in the other two specimens the shell movements were 
hbted for the first 19 hours and the first 5 hours respectively, after 
which the movement stopped till the end of 24 hours, while the 
remaining one showed no movement at all during the 24 hours. 
From the records obtained from the above list the time required to 
complete a spontaneous shell movement, opening and closing, was 
fotihd to be from 3 m. 2 sec. to 11 m. 15 sec., and the amplitude of 
the shell opening ranged from 2.8 mm. to 7.0 mm. It is clear from 
the present results that Within the normal oysters, or even with the 
same individual, the pefiod of the shell movement as well as the 
amplitude of opening vary Widely. 
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Nelson (1921) stated concerning the shell movement of the Ame¬ 
rican oyster that it is influenced by the environmental factors such as 
day and night, tide, density, turbidity, temperature, and the number 
of food organisms. 

According to the same investigator (1921), when too many food 
organisms appeared in the sea the shell movement ceased for a while. 

Kellog (1910) stated that when the surrounding medium is con¬ 
taminated, the oyster defends against the invasion of mud or other 
substances into the body by closing the shell tightly. 

Although 1 have also paid attention to the factors mentioned by 
Nelson, I have been thus far unable definitely to correlate the wide 
variability of shell movement with any of the factors mentioned above, 
except that an unusually wider opening of the shell than the normal 
width of the opening occurs once a while, which may be regarded as 
similar to the gill cleaning movement usually shown in fishes. 

Pawlow (1885) studied the opening and closing shell movement of 
Anodonta from the view point of nervous system and muscle physiology. 

From the kymographic records (Fig. 1, 2, and 3 in Plate XII) we 
notice that the oyster opens the shell very slowly and sometimes even 
little by little, showing numerous steps. However, as soon as the 
opening reaches the maximum, the shell is closed usually quickly, 
though in some cases the shell remains widely opened for a while. 
The closing movement is usually instantaneous, contrary to the very slow 
opening movement. Although the majority of the oysters show alter¬ 
native movements of opening and closing, yet in some the shell remains 
either in an opened or closed state for a considerable length of time. 

Marceau (1905), who examined the resistance power of the 
adductor muscle of Pecten maximum and of Mactra glauca , observed 
that the adductor muscle of Acephales consists of two kinds of muscle 
fibre, and that the functions of the respective muscles also differ. 

According to Uexkull (1912) who studied the adductor muscle 
of Pecten and of sea-urchin, the adductor muscle of Pecten consists of 
a large round transparent part consisting of cross-striated fibres and 
a small opaque part formed of smooth fibres. According to their 
functions, he named the former muscle “ Bewegung Muskel ” and the 
latter muscle “ Sperrung Muskel ”. Bayuss (538 p.) called the 
former 44 motor muscle ” and the latter 44 catch muscle ”. 
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In the present investigation it appeared to the present writer 
reasonable to ascribe the shell closing movement to the motor muscle, 
and the graditional movement to the catch muscle, as will be shown later. 

Exp . 2. The shell movement under a loaded condition , and the 
time needed until the adductor muscle is torn off by a hung iveight. 

Fifteen oysters were tested under sea water, loaded with varying 
weights of 2 Kgs., 5 Kgs., 10 Kgs., 15 Kgs., 20 Kgs., 25 Kgs. and 30 Kgs. 
The details of the shell movement as affected by the loaded weights 
were recorded by the kymographic method. The results are given in 
Table 2 (pp. 272-273). 

In the two oysters loaded with 2 Kgs. each adductor muscle with¬ 
stood the weight for 5 days 10 hours and 1 day 6 hours respectively 
before being torn off. The shell movement (No. 6 Fig. 4 in Plate XII) 
was almost similar to that of the normal oyster unloaded. The fre¬ 
quency of the movement in the specimen No. 6 was 100 times in 21 

hours, showing the time required for opening and closing was 3 m. 3 ^ 

sec. in average, while in No. 7 it was 120 times in 24 hours, or an 
average time for each complete movement of 12 m. 

Three oysters were loaded with 5 Kgs., and number of hours needed 
before the adductor muscle was torn off was observed in each. The 
results were 15 hours in No. 8, 20 hours in both No. 9 and No. 10. 
The shell movement (Fig. 5 in Plate XII) was almost similar to that 
of the 2 Kgs. loaded oyster, or in other words the movement was 
almost as normal as that shown by the unloaded oyster. 

When a 10 Kgs. weight was hung on, the oyster showed few shell 
movements (Fig. 6 in Plate XII), and the adductor muscle was torn off 
after 2 hours 30 minutes in oyster No. 11, while in specimen No. 12 
the muscle only withstood the strain for 7 minutes. This oyster did 
not move the shell at all. 

If weights of over 15 Kgs. were loaded, the adductor muscle with¬ 
stood for a very short time and in no instances were the shell move¬ 
ments observed. 

When heavy weights were loaded the shell gradually opened, and 
the adductor muscle was torn off within 1 to 15 minutes. 

The relation between the weights loaded and the time required 
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to tear off 
as follovirs: 
Weights 
2 Kgs. 
5 Kgs. 
10 Kgs. 
15 Kgs. 
20 Kgs. 
25 Kgs. 
30 Kgs. 


off the adductor muscle found in the present experiment is 
Ws: 

ghts loaded. Time required to tear off the adductor muscle. 

Cgs. 1 day 6 hours to 5 days 10 hours. 

Cgs. 15 hours to 20 hours. 

Cgs. 7 minutes to 2 hours 30 minutes. 

Cgs. 2 minutes to 15 minutes. 

Cgs. 45 seconds to 3 minutes. 

Cgs. 10 minutes. 

Cgs. 1 minute. 

The variations shown in the above table 
may be due to any one of the following 
factors, or all combined: size of the oyster 
itself, the difference in the area of the 
I adductor muscle, and also to the physiolo- 

1 gical state of the oyster at the time of 

1 experiment. The relation between the 

1 weights acted on the adductor muscle per 

1 cm 2 section area and their endurance in 

times of hours required to tear off the mus- 
*■—i cles is shown in Fig. 3. 

\ Exp . 3. Threshold weight for tearing 

\ off the adductor muscle of the oyster 

\ instantaneously. 

\ In this experiment the threshold weight 

\ which if loaded tears off the adductor 

\ muscle at onfce was determined, and further 

\ the work (W) done by the adductor muscle, 
\ and the weight acting on per cm* of the 
\ Section area of ad- 

\ ductor muscle for 

\ loading, were also 

calculated. The 

1 1 1 ' amount of work 

1 Kg. 2 Kgs. 3 Kgs. 4 Kgs. 5 Kgs. 

(W) done by a unit 

3. Ordinate-Duration of Experiment. cm « 0 f t lfe a d- 

Abscissa — Power acting per cm 3 section 

area 6f adductbr muscle. ductor mustle was 
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calculated by tfye formula 2. In order to ascertain the weights which 
acted on per cm* of adductor muscle, i. e., the muscle power, the 
following four lots of oysters were chosen according to their size, in 
as much as the muscle power may be proportional with the size of 
the animal. The weights of five oysters ip each lot were as follows: 
lot 1. 62 gms. to 100 gms. lot 2. 200 gms. to 240gms. 

lot 3. 305 gms. to 366 gms. lot 4. 518 gms. to 775 gms. 

The results obtained from these twenty oysters represented by the 
four lots are given in Table 3 (p. 274). 

The results show that the weights required in tearing oh the 
adductor muscle instantaneously varies considerably according to indi¬ 
viduals. For instance, No. 22 required 5 Kgs. while No. 38 required 
as much 40 Kgs. for this purpose. However, when the weights required 
are distributed per cm 2 of the section area of adductor muscle, then 
the unit area of the muscle of No. 22 requires 6900 gms. and that 
of No. 38 requires 7726 gms., showing that the difference* of loaded 
weights shown by the different oysters was due to the corresponding 
differences in both the size of oyster and the area of adductor muscle. 

From Table 3 we find that the power of the adductor muscle per 
cm* section varies considerably according to the individual, ranging 
between 5047 gms. (No. 24) and 10971 gms. (No. 34). We also notice 
the fact that the smaller individuals, such as in lot t, give a smaller 
value, and conversely the larger oysters in lot 3 give larger values of 
mean muscle power, indicating in general that the power of the ad¬ 
ductor muscle is stronger in larger specimens than in the smaller ones. 


Lot. 

i 

Body weight Hung weight 

(gms.) ( (Kg.) | 

weight 
feting on 
the add. 
muscle (Kg.) 

Area of the 
add. muscle 
(c m*; 

W per ertr ' 
section area 
of add. 
muscle (gms.; 

Mean YV per 
cm 2 section 
area (gms.) 

1 . | 

63-100. i 

6.0-11.0 1 

6.9-17.8 

| 1.0-2.3 

6047- 8671 ' 

6789 

2 . 

200-240. 

9.0 16.0 1 

18.7-26.8 

2.3-4.1 

1 6708- 8120 

0976 

a. 

305-866. 

14.0-25.0 1 

22.9-38.4 

3.1 4.9 

6691-1097T 

8289 

4. 

618-776. 

32.0-40.0 j 

41.6-66.4 

, 6.0-7.3 

1 

[ 7729- 9146 

8637 


From Table 3 the following mean values are obtainable: 

An oyster of which the tissue weight i$ 28.1 gms. can withstand 
7880 gms. per unit area of its adductor muscle, and the yvork done 
by the adductor muscle is 31300 gins** corresponding to 111Q times the 
tissue weight. 



266 


T. TAMURA 


Exp . 4. The power of the adductor muscle under narcotized 

condition . 

The relative power of the adductor muscle of the oyster narcotized 
with menthol or chloroform , compared with that of normal oyster . 
The results obtained from five specimens are given in Table 4 (p. 274). 

That the power of the muscle was weakened when the oyster was 
narcotized can readily be recognized. The muscle power estimated 
ranged from 2225 gms. to 5891* gms., and the mean value was esti¬ 
mated to be 4734 gms. per cm 2 against 7880 grams of the normal mean. 

De Buisson (1927) studied the influence of the acid and alkali 
upon the muscle of Anodonta and reached the conclusion that the 
power of the muscle of Anodonta becomes stronger by HC1 and 
becomes weaker by NaHCOs, but the effect of narcotics was not 
observed. 

Exp. 5. The power of the adductor muscle of other common 
bivalves . 

The power of the adductor muscle of several common bivalves 
was tested. 

a) Anadara inflata Reeve. (Akagai). 

This bivalve is provided with two adductor muscles of nearly equal 
size, like' those of Anodonta , thus differing from the oyster which has 
but one muscle. So that, in this case, the factor “ ad ” in formula 1 
represents the distance from the ligament to the middle point of a 
line which connects the two adductor muscles. According to this 
formula the power of the muscle was calculated, based on the data 
obtained from five specimens, and the results are given in Table 5 
(p. 275). 

The total body weight of the Anadara varies from 288 to 
650 gms. 5.0 to 11.0 Kgs. were loaded. The weight acting on the 
adductor muscle was calculated, and the results were 21.2 to 44.0 Kgs. 
The power of the adductor muscle per cm 2 section area was’ 5116 gms. 
to 8028 gms., showing a mean value of 6374 gms. A comparison 
between the mean tissue weight and the mean W which acted on the 
adductor muscle was found to be 185 gms.: 31500 gms. (=1:170). 
The factor W becomes, in the present case, disproportionately large 
when compared with its hung weight, owing to the very small dis- 
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tance in this species from the ligament to the adductor muscle. 

b) Anodonta lauta Marten, var. (Dobugai). 

The results obtained from seven tests conducted on seven different 
individuals are shown in Table 6 (p. 275). 

The body weight ranges from 91 gms. to 166 gms. The weight 
needed in tearing off the adductor muscle instantly after loading was 

2.3 Kgs. to 3.2 Kgs. The work done, W, calculated by formula 1, was 
found to be 8.2 Kgs. to 10.4 Kgs. The power of the adductor muscle 
per cm 2 section area was 2928 gms. The ratio of the average tissue 
weight to the average W was 38 gms.: 9100 gms. (~1 : 239.4). Con¬ 
sequently the W which acted on the adductor muscle is consideraly 
large, notwithstanding that the hung weight was small. 

c) Mytilus crassitesta Lischke. (Igai). 

The results obtained from seven tests are given in Table 7 (p. 275). 

The body weight of the specimens used varied from 92 gms. to 
195 gms. The weights required in tearing off the adductor muscle 
instantly after loading were 18 Kgs. in minimum and 23 Kgs. in maxi¬ 
mum. The W calculated by formula 1 was found to be 14.8 Kgs. to 

26.3 Kgs. The power of the adductor muscle; per cm 2 section area 
was estimated to be 3895 gms. to 6877 gms., and its mean weight 
5586 gms. The ratio of average tissue weight to average W can be 
shown as 28.4 gms.: 18900 gms. ( = 1: 665). 

d) Modiolus barbatus Linne. (Hibarigai). 

The present species much resembles Mytilus in its form as well 
as in its habitat. The data were obtained from eight specimens and 
are tabulated in Table 8 (p. 276). 

The estimated weight of the entire body ranges from 70 gms. to 
130 gms. The weights used wore 5 Kgs. to 9 Kgs. The work W 
calculated by formula 1 was 6.7 Kgs. to 10.6 Kgs. The power of the 
adductor muscle per cm 2 section area was calculated to be 2466 gms. 
to 3533 gms., and its average as 2809 gms. The ratio of the mean 
tissue weight to the mean W were 13.4 gms.: 8300 gms. (“ 1:619). 

e) Pecten yessoensis Jay. (Hotategai). 

The results obtained from five individuals were shown in Table 9 
(p. 276). 

The body weights were 220 gms. to 289 gms. The hung weights 
were 4.0 Kgs. to 6.7 Kgs. The work W calculated by formula 1 was 
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7.1 Kgs. to 11.0 JCgs. The power of the adductor muscle per 
section area were 293giqs. to 785gjns., and its mean was 445 gms. 
The ratio of t^e average tissue weight to thp mean V\T was 
105 gins.: 8800 gms. (= 1 : 84). 

f) Chlamys senaforius Reeve. (AJtasaragai). 

The results obtained from five individuals are given in Table IQ 

(p. 276). 

The body weights of the specimens used were 45 gms. to 105 gm§. 
The hung weights were 2.1 Kgs. to 3.0 Kgs. The wprk W calculated 
by formula 1 were 2.6 Kgs. to 4.8 Kgs. The power of the addjuctpr 
muscle per cnr section area was calculated to be 900 gms. to 1966 gms., 
and its mean was 1272 gms. The ratio of the mean tissue weight tq 
the mean W was found to be as follows: — 22.6 gms.: 3560 gms. 

( = 1 : 175 ). 

EfP- 6 . The poiver of the ligament of the oyster and of the 
Other common bivalves . 

The ligament of the Lamellibranchia acts to open the shells in 
opposition to tjie closing power of the adductor muscle. The opening 
power of the ligampnts against the closing power of the muscle was 
estimated with several bivalves, including the oyster. The method 
adopted to estimate this power of ligament (W) was as follows: the 

oyster shell opens widely just as soon as the adductQr muscle is 

severed completely, and the weights (w) needed to close the shells 
entirely have been determined. The method of calculation used was 
the same as that used in the case of the adductor muscle. 

where W = power acting on the adductor muscle 
by weight w. 

w weight needed to close the shells 

W_ b entirely. 

■ a W- a = distance from ligament to adductor 

muscle. 

b = distance from ligament to a point 
where Weight was added. 

From the data given jn the Tables 11 to 17 (pp. 277-279) following 
results can be obtained. 
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” | ’KW) power j Lig. 

No. of g. | Weight of the lig. Mean power 
Species. aninuUs / ' ^ addqd acting on j (W) i acting 

tested. g m ' j (gms.) add. mus. ;(gms.)lper cm 2 
___ >_j (gms.) I_] (gms .) 


Ostraea circumpicta Pils. 

j 6 

(328-775’500-32001 

708-3600 

2176 

347 

Anadara inflata Reeve. 

6 

360-'i76 60- 

100| 

200- 

670; 

338 

65 

Anodonta lauta Marten, var. 

3 

80-110; 

180! 

1 

603- 

78o! 

676, 

282 

Mytilus crassitesta Lischkk. 

6 

! 60-140!600 

13001 

1000-2080; 

1414 

416 

Modiolus barbatus Linn ft. 

5 

1 48-130 400- 700; 

421 - 

622; 

663 

138 

Pecten yessoensis Jay. 

5 

1220-289; 125- 

- 166| 

214- 

26Sj 

276 

14 

Ckhtnys senatorius nobilis Reeve. 

5 

| 68-145 50- 

- 110| 

91- 

108 

146 

40 


It will be seen from tfye above that the power of the ligament 
differs according to the species as well as to the individual. The 
individual difference was most merited in the oyster. As the ligament 
acts oppositely to the adductor ipuscle the ligament power must be 
qjkled to the power of the muscle already found. Comparison of the 
ratio between mean tissue weight and the mean W showed the follow¬ 
ing order according to the species: 

Ostraea^ Mytilus >> Modiolus > Anodonta^ Anadara^ 

Chlan\ys^> Pecten . 

By a glance at this order, one will notice the fact that the power 
of the adductor muscle shows some interrelation to tlje habitat; th^t 
is, the inhabitants of shallow water which is disturbed by the waves 
and tides, possess stronger muscle than those living in the deep 
water. Now comparing the power pf the ligament, we find the 
following order according to the species: 

Ostraea > Mytilus^> Mo^,iplus^> Anodonta > Anadaxa > 
Pecten^>Chlamys. 

This order, according to the powpr of the ligament, agrees very 
well with the order already given according to the power of the 
adductqr muscle; showing that the bivalves possessing adductor 
iposcles of greater ppwpr possess correspondingly powerful ligaments. 
Styoutne^s qf the shell also develops ip concert with the muscle power 
of the shell. As to the question whether bpth the powerful adductor 
muscles and ligaments are associated with better developed or 
relatively thicker shells, we found the following relation: 

Ostraea 6 mm., Anadara 4 mm., Mytilus 3 mm., Modiolus 1.7 mm., 
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Pecten 1.5 mm., Anodonta 1.2 mm., Chlamys 1.2 mm. 

The correlation between the powerful muscles and shell thickness 
is small, and therefore we may assume that the shell thickness must 
be the result of some other factors which are not yet determined. 

Summary. 

1. The shell movement of the oyster under normal condition 
much differs according to the individual. 

2. The adductor muscle of the oyster consists of two different 
parts functionally different, the motor muscle and the catch muscle. 

3. The oyster makes normal spontaneous shell movements in the 
sea water when loaded with 5 Kgs. but when loaded with 15 Kgs. or 
more, the shell movement is not exhibited at all. 

5. The power of the adductor muscle per cm 2 section area of 
the oyster differs according to the dimension of the oyster, and is 
weaker with smaller ones and stronger with larger. 

5. Narcotized oysters show marked diminution of the power of 
the adductor muscle. 

6. Ratio between the total body weight and its tissue weight, 
between tissue weight and the adductor muscle weight, and between 
the adductor muscle Weight and the section area of adductor muscle 
differs considerably according to the individual. 

7. The power of the adductor muscle of several other species of 
common bivalves was determined. 

8. The power of the adductor mUscle of several bivalves seems 
to show that the inhabitants of shallow wafer possess greater power 
than those of deep water. 

9. The power of the ligament 6f several bivalves is proportional 
to the power of the adductor muscle with the species so far tested. 

Before leaving the subject, I wish to express my sincere thanks to 
Prof. S. Hatai, under whose direction this work was carried on. My 
gratitude is also due to Assist. Prof. S. KoKUbo f6r his kindness in 
giving me valuable guidance during the course of presfent work. 
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EXPLANATION OF PLATE XII. 

Fig. 1. Shell movement under normal condition. 1 scale —15 minutes. (Experi¬ 
ment No. 3). 

Fig. 2. Shell movement under normal condition. 1 scale -15 minutes. (Experi¬ 
ment No. 4). 

Fig. 3. Shell movement under normal condition. 1 scale —15 minutes. (Experi¬ 
ment No. 5). 

Fig. 4. Shell movement when hung with 2 Kgs. weight. 1 scale-15 minutes. 
(Experiment No. 6). 

Fig. 5. Shell movement when hung with 5 Kgs. weight. 1 scale — 15 minutes. 
(Experiment No. 10). 

Fig. 8. Shell movement when hung with 10 Kgs. weight. 1 scale -5 minutes. 
(Experiment No. 11). 
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Table 3. 

Threshold weight for tearing off the adductor muscle 
of the oy9ter in a moment. 
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Table 4. 

The power of tearing off the adductor muscle of the oyster in a 
moment under narcotized condition. 
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Table 5. 

Anadara in flat a Rkkvk. 
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Table 6. 

Anodonta lauta Martins, var. 
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Table 7. 

Mytilus crassitesta Tjschkk. 
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Table 9. 

Pecten yessoensis Jay. 
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Table 10. 

Chlamya senatonus nobilti Reeve. 
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Table 11. 

Oatraea circumpicta Pies. 
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70 
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Table 13. 

Anodonta lauta Martens, var. 


No. 

i 

5 1 
1 

i 

■5 

1 

ea of 
. mus. 

II 

Distant 

lig. to 

x 1 from 

lig. to 

! 

£ 

•L 

I 

ta 


* 

3 

! CQ 

*8 

< ^ 

add. 

mus. 

added 

point 

I 

| ; 

& 

Q 


gms. 

c. m. 

c, m. 

cm 2 

gms. 
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! c. m. 


gms. 
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1 
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3.0 
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1.7 

1 6.7 

j 603 
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21th 

2 

92 

10.0 

6.0 

2.5 
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1.6 
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; 648 1 
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Table 14. 

Mytilus crassitesta Lischkk. 


No. 

4 

*3 

| 

1 



* 

j 

£ 

h 


gms. 

c. m. 

c. m. 

cm 2 

1 

140 

12.0 

5.5 

8.8 

2 

110 

9.5 

5.0 

*.6 

3 

50 

7.0 

4.0 

2.4 

4 
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11.0 

6.8 

3.5 

5 

110 
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8.6 

Aver- 





age 







1 Distance from 


°es 



lig. to 

___ 1 

lig. to“ 

* 

*1 

| 

< % 

add. 

added 


& 



mus. 

point 




gms. 

c. m. 

c. m. 

gms. 

gms. 

Sept. 


6.0 

8.0 

2080 

525 

18th 


VKTB 


1226 

861 

M 

660 

8.2 


MEEm 

467 

It 


4.0 

7.0 

1760 

485 

It 


4.5 

7.5 


285 

It 




1414 

416 



Table 15. 

Modiolus barbatus Linnk. 
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Table 16. 

Pecten yessoensis Jay. 


No. 

4 

13 

I 

1 

s 

•s i 
8® 

|4 

Distanc 

lig. “to 

;e from 

lig. to 

£ 

Ts 

0) 

Mi 

Q 


£ 

j 

CQ 

4? 

< % 

add. 

added 


K 





os 


mus. 

point 




gms. 

c. m. 

c. m. 

cm 3 

gms. 

c. m. 

c. m. 

gms. 

gms. 

Sept. 

1 

220 

18.5 

14.0 

21.0 

165 

7.0 

12.0 

240 

11 

14th 

2 

289 

18.0 

14.0 

24.6 

115 

7.0 

12.0 

368 

16 

M 

3 

240 

18.0 

14.0 

20.0 

125 

7.0 

12.0 

214 

11 

II 

4 

235 

18.0 

14.5 

21.4 

176 

7.0 

12.0 


18 

II 

5 

220 

12.0 

12.5 

24.5 

166 

7.0 

11.0 

269 

11 

M 

Aver¬ 








276 

14 


se 























ADDUCTOR MUSCLE OF OYSTER 


279 


Table 17. 

Chlamys senatorius nobilts Rkrve. 
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Chemical Analysis on the Pericardial Fluid and 
the Blood of Ostrea Circumpicta Pus.* 


By 

Masao Kumano. 

(Biological Institute, T6hoku Imperial University, Sendai.) 

The saline content of the pericardial fluid and blood was deter¬ 
mined in regard to Ostrea circumpicta Pils. living in the neighbour¬ 
hood of the Asamushi Marine Biological Station. The materials were 
collected during the month of July, 1928. The blood was collected 
from the heart directly by means of a syringe, and usually from 8 to 
12 oysters were used for a single determination. The pericardial 
fluid was also collected from the same oysters which were used for 
the collection of blood. 

In the analysis of the pericardial fluid and the blood the following 
methods were employed. Sodium was determined by the Michael 
BAunt 0 method, potassium by the Kramer and Tisdall 5) method, 
magnesium by the Hammett and Adams s) method, chloride by the 
Rusznyak 0 method and sulphate by the Denis’ 5 method. For the 
determination of the calcium the Kramer and Tisdale method as 
modified by Clark and Collip' 0 was used. 

The percentage content of the water in pericardial fluid and in 
blood of Ostrea circumpicta Pils. was found to be as follows: 


Pericardial fluid.96.38 

Blood.96.26 


The following results represent the content of each inorganic 
substance in 100 cc. The figures on pericardial fluid and blood are 
the average of the 11 estimations. The figures given in ( ) denote 
the corresponding values when the sodium was taken as 100. 

Pericardial fluid. Blood. Sea water 7 * 

Na 1.1099(100.00) 1.1960(100.00) 1.1634(100.00) 

K 0.0364( 3.19) 0.0362( 3 03) 0.0367( 3.07) 

*A contribution from the Marine Biological Station, Asamushi, Aomori*Ken, and 
the Biological Institute, T6hoku Imperial University, Sendai. 
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Pericardial fluid. 

Blood. 

Sea water 7 > 

Ca 

0.0416( 3.76) 

0.0426( 3.65) 

0.0431( 3.70) 

Mg 

0.130S( 11.74) 

0.1530( 12.79) 

0.1873( 11.80) 

Cl 

1.9520(176.90) 

2.1060(176.09) 

1.9428(166.99) 

so< 

0.2673( 24.09) 

0.2821( 23.60) 

0.2627( 22.68) 


It will be observed that both the blood and the pericardial fluid 
show the closest similarity to, if not being identical with, the sea 
water; which leads me to suppose that the blood and the pericardial 
fluid have nearly the same saline composition as the water in which 
they live. As far as the analysis shows, the amount of inorganic 
matter contained in the blood is somewhat greater than that of the 
pericardial fluid, especially in the content of magnesium when sodium 
is taken as 101). 

Recently Okazaki and Koizumi 7) determined the inorganic matter 
in the body fluid of Caudina chilensis and found the following rela¬ 
tions : 

Na 100; K 3.43; Ca 3.43; Mg 10.00; Cl 175.00. 

We notice then that the body fluid of Caudina is essentially the 
sea water where they are living, and consequently it also very closely 
resembles that of the oysters studied by me. However, we notice a 
conspicuous difference between the blood of the oyster and the body 
fluid of Caudina with respect to the percentage content of magnesium. 
In the oyster blood the content of magnesium is \2.79% while that 
in the body fluid of Caudina is only 10^, and is less than that given 
by the pericardial fluid of the oyster, in which it is 11.74 %• 

Whether or not this difference shown above is a real one, or is 
due to difference in the methods used, needs further studies; but at 
any rate we note this difference with interest, considering the fact 
that Caudina is sand dweller while the oyster lives in the open sea. 

The follwing table shows the results of chemical analysis of the 
blood made by A. B. Griffiths sodium being taken as 100. 


Species 

Na 

K 

Ca 

Mg 

Cl 

S0 4 

Pecten 

100 

12.36 

8.07 

3.SO 

116.00 

10.38 

Mytilus edulvt 

too 

12.22 

8.17 

3.44 

116.46 

10.22 

Mya 

100 

12.41 

7.80 

3.41 

114.70 

10.09 
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As the table shows, the percentage composition of inorganic matter 
shown by the three species is very similar in each case, in spite of 
the fact these belong to widely different molluscan genera. However 
these data differ considerably from those of the present writer on the 
oyster. 

In 1920 Myers determined some inorganic constituents in the 
blood of Schizotherus Nuttalli and found 3.19 g. of NaCl and 197 mg. 
of CaO and also in Saxidomus Nuttalli found 307 mg. of CaO. These 
values just quoted are compared with mine, taking sodium as 100 
in all cases, and are given below. 


Species 

Na | 

Cl I 

Ca 

Schizotherus Nuttalli 

1.24(100) i 

1.96 (167) 

0.138(11.11) 

Saxidomus Nuttalli 

— ! 

— 

0.22 

Ostrea circumpicta 

1.19(100) 

2.100(176) 

0.042( 3.55) 


From the above we find that the values of sodium and chlorine 
are rather close, but calcium in the oyster is only one third that given 
by the two other species. Regarding the high variability in calcium 
there is an interesting observation of CoLUP n> on the coelomic fluid 
in My a arenaria and Cardium corbis. Colli l* found that when these 
molluscs are exposed to the atmosphere or when they are kept in 
distilled water the amount of calcium shows considerable increase. 
Although magnesium also shows an increase under similar treatment, 
it is very slight when compared with that of calcium. I have shown 
some typical examples given by Collip in the following table. 


Species 

Ca per 
100 cc. 

Mg per j 
100 cc. j 

Remarks 

1 

My a arenaria 

mg- 

! 35.4 

mg. 

49.0 

• 

Fresh. Kept some days in floating carriage 
off landing stage. 


92.0 

79.0 

j 24 hours in air at temperature of sea water. 


186.0 

82.0 

48 


220.0 

— 

1 72 M M 


240.0 

90.0 

i 76 lf m 

Cardium corbis 

48.0 

100.8 j 

| Fresh from sand beach. 


98.0 

100.6 

j Kept 20 hours in air in laboratory. 
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As was mentioned, magnesium increases only very slightly but the 
calcium increases considerably, as the result of exposing the animals 
to the air. Whether or not the high calcium values obtained by 
Myers can be interpreted from the results of Colup’s investigation 
is difficult to decide. 

Quinton 12) noted that when Ostrea edulis was kept in diluted sea 
water (NaCl content—2.37 g.) for three hours NaCl concentration in 
the blood shows corresponding decrease. 

The differences found by various investigators in the composition 
of various body fluids may either be due to the difference of species 
employed or to the different analytical method employed. For a de¬ 
finite statement, however, we must await future investigation. 
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On Some Physico-chemical Properties of the Pericardial 
Fluid and of the Blood of the Japanese Oyster, 
Ostrea circumpicta Pils., with Reference 
to the Change of milieu exterieur.* 

By 

Masayasu Yazaki. 

(The Biological Institute, the T6hoku Imperial University, Sendai, Japan). 

Up to the present time several observers have examined some 
physico-chemical properties of the blood in Mollusca and in other 
invertebrates, but with regard to the pericardial fluid apparently no 
work has been published, as for as I am aware. 

For this reason just stated, I have undertaken, at the suggestion 
of Prof. Dr. S. Hatai and Assist. Prof. K. Okazaki, the present 
work on the physico-chemical properties of the pericardial fluid and of 
the blood of the Japanese oyster, Ostrea circumpicta Pif.s. 

METHODS. 

To obtain the pericardial fluid the pericardium was carefully ex¬ 
posed and then its membrane was pierced with a pin, leaving the 
heart uninjured, and then the fluid was removed by means of a glass 
pipette. 

The blood was collected directly from the heart also with a glass 
pipette after the pericardial fluid was taken. The fluids thus obtained 
were used for the purpose of the physico-chemical analysis in as fresh 
condition as possible. 

Although in the case of the blood a single specimen was sufficient 
for single measurement, five or more specimens were usually necessary 
for the pericardial fluid. 

The adult oysters used in this study were in a healthy condition. 

The specific gravity was determined by means of the Ostwakd 

*A contribution from the Marine Biological Station, Asamunhi. Aomori-Ken and 
the Biological Institute, the Tbhoku Imperial University, Sendai, Japan. 
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modification of the Sprengel pyknometer. 

The specific conductivity was determined by the Wheatstone 
bridge method. 

The freezing point depression was determined by the Beckmann 
thermometer. 

The surface tension was determined by theTRAUBE’sStalagmometer. 

The viscosity was determined by the Determann’s viscosimeter. 

The amount of NaCl contained in the fluids was determined by 
the Rusznyak’s method (1921). 

COMPARISON BETWEEN THE GENERAL PROPERTIES OF THE 
PERICARDIAL FLUID AND OF THE BLOOD. 

The amount of fluid contained in the pericardium of the normal 
individual fluctuates widely, ranging from 0.3 to 0.7 cc., but in the 
majority of cases it lies between 0.4 and 0.5 cc.. I have never found 
in my experience the refilling of the pericardium after the fluid has 
once been removed, even when hours and indeed in some instances 3 
days elapsed. The blood obtainable from a single oyster varies from 
4 to 7 cc.. 

The pericardial fluid is perfectly transparent and free from corpus¬ 
cles, while the blood is somewhat opalescent, and the plasm, which 
was obtained after removing the corpuscles, exhibits the same colour 
as the blood. Sometimes, the blood is tinted with a faint yellowish 
green colour, but appears somewhat yellowish by transmitted light, 
and bluish by reflected light, just as Drew (1910) found on the blood 
of Cardium. On the other hand the pericardial fluid shows no altera¬ 
tion in its coloration even when the blood colour is yellow. 

The reaction of both the pericardial fluid and the blood is neutral 
to litmus. The blood gives the strong protein reactions, such as the 
Biuret reactions and strong Millon’s reactions, while the pericardial 
fluid shows only the faintest reaction. Drew (1910) studied some 
proteid reactions and other properties of the blood of Lamellibranch, 
but no researches were made on the pericardial fluid. 

On heating the blood gradually up to 72°.8-73°.7C., the cloudiness 
gradually deepens and then the precipitates are also formed gradually. 
The precipitates thus formed are identified as a protein, from positive 
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reactions shown by the various protein tests. This protein just men¬ 
tioned is soluble in both acids and alkalies, and is reprecipitated on 
neutralisation. On the other hand, the pericardial fluid exhibits a 
faintly cloudy appearance on heating to 72°.3-73°.6C. Cuenot (1891) 
states in his paper on the blood proteins of several species of Mollusca 
that “un albuminoide... . precipitable par l’alcool et les acides, coa- 
gulable par la chaleur a 74 degres environ ”, but nothing was mentioned 
in regard to the pericardial fluid. 

SPECIFIC GRAVITY. 

Many investigators agree that the specific gravity of the blood of 
marine Invertebrates very closely resembles that of the sea water, 
showing that the former is in equilibrium with the latter, and, there¬ 
fore, the concentration of the blood and other coelomic fluids will be 
altered by the change of the sea water until a new equilibrium is set 
up. It must be stated in this connection that comparatively few 
observations have been made on Molluscs. 

The blood specific gravity of a gastropod, Aplysia limacina is 
1.029, while that of the sea water is 1.029-1.037 (Bottazzi, cited after 
Quagliariello 1925). 

In Lamellibranchiata, Paladino (1909) showed that the blood 
specific gravity of Cardita sulcata is 1.030, but no report is given 
concerning the sea water in which it lives. 

In the oyster, I have found that the specific gravity of the peri¬ 
cardial fluid ranged from 1.022 to 1.024 and the blood from 1.023 to 
1.028, while the sea water where the oysters live gave from 1.022 to 
1.024. In some specimens, however, the value of the specific gravity 
of the fluids was shown beyond the limits just given above. 

The values of the specific gravity for both pericardial fluid and 
blood of the oysters collected during the spring season are given in 
Table 1. 

If we compare these data with those given in Table 2, which were 
obtained during the hot summer season, it will be noted that the 
specific gravity of the body fluids tends to be slightly higher in the 
summer season than in the spring. 

In Table 2 are given the data obtained from the oysters collected 
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TABLE 1. 

(Spring specimens) 


No. of 

i 

No. of deter- ! 

Specific gravity 

oysters 

minations 

Pericardial fluid 

Blood 

35 

6 ! 

1.022 

1.023-1.026 

95 

74 ! 

1.023 

1.026-1.027 

75 

54 

1.024 

1.025-1.028 

Average .. 


.1.023 

1.026 

late in August. 

The specific gravity of sea water was found to be 

1.023-1.025. 





Table 

2. 


(Summer specimens) 



No. of 

No. of deter- 

Specific gravity 

oysters 

minations 

I 

Pericardial fluid 

Blood 

46 

17 

1.022 

| 1.026-1.026 

60 

31 ! 

1.023 

J.025-1.027 

85 

49 

1.024 

1.026-1.028 

145 

t 63 

1.025 

1.026-1.030 

16 

1 12 

1.026 

j 1.028-1.029 

Average .... 


.1.024 

1.028 


From Tables 1 and 2, we find that higher specific gravity of the 
sea water is associated with correspondingly higher specific gravity of 
the pericardial fluid and of the blood, and specific gravity of the 
pericardial fluid is always lower than that of the blood. This differ¬ 
ence between the pericardial fluid and the blood is about 0.003. 

If the oysters are kept in highly diluted sea water in which the 
specific gravity is correspondingly decreased, we find marked alteration 
in the specific gravity of both pericardial fluid and blood. 

Fredericq (1885) found that the specific gravity of marine 
Crustacean blood varies similarly with that of the sea water. 

Garrey (1905) found that when some lower marine Invertebrates 
were kept in diluted sea water the bodies were swollen and the 
concentration of the blood became low. 

Dakin (1908) found that when some marine Invertebrates are 
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placed in fresh water the body weight increased, but he did not 
determine the amount of body fluid contained. 

I have also studied the influence of the diluted sea water (specific 
gravity 1.010—1.012) on the pericardial fluid and on the blood of the 
oysters, and the results of observations arc given in Table 3 and 
Fig. 1. 


TABLE 3. 


No. of 
oysters 

No. of deter¬ 
minations 

Days of immer¬ 
sion in dil. 
sea water 

Specific gravity 

Pericardial fluid \ Blood 

16 

6 

0 

1.024 

1.029 


0 

1 

1.024 j 

1.028 

M 

9 

2 

1.024 

1.026 

»» 

9 

3 

1.023 1 

1.024 

20 

11 

4 

1.021 

1.020 

„ 

11 

6 1 

1.020 

1.019 

i 

11 

6 

1.019 j 

1.018 


11 

7 

1.016 

1.018 


9 

8 

1.014 i 

1.017 

»» 

9 

9 

! 1.014 1 

1.017 


9 

10 

| 1.018 i 

1.016 


9 

n 

1.012 I 

1.016 


9 

! 12 

i 1.011 

1.016 


If the oysters are kept for 4 or 5 days in £ diluted sea water, the 
specific gravity of blood becomes much lower than that given by the 
pericardial fluid, due probably to quicker decreases of the former than 
the latter. However, several days later, we find on the contrary that 
the blood gives higher specific gravity when compared with that of 
the pericardial fluid. This phenomenon just stated was produced 
probably because the decrease in specific gravity of blood become 
progressively slower contrary to the continuous decrease of pericardial 
fluid at a more uniform rate. 

Beyond 4 or 5 days in the diluted sea water, the specific gravity 
of the blood becomes somewhat stationary, probably due to an 
existence of some regulative mechanism, as proposed by Hober (1902) 
in some teleosts, the precise nature of which is not yet known in 
Invertebrates. The existence of this regulative power just mentioned 
is highly probable as will be seen from the following experiments. 

When the oysters, which had been kept for 10 days in a diluted 
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Fig. 1. Curve showing the change in the specific gravity of the pericardial 
fluid and of the blood of Oatrea circumpicta. The ordinates represent the specific 
gravity of the fluids, afnd the abscissae represent number of days the oyster was 
kept in { diluted sea water. 

sea water, were returned into the normal sea water, a recovery of 
specific gravity of the pericardial fluid and of the blood also takes 
place very much more rapidly than the decrease in specific gravity. 

Indeed, the specific gravity of the blood recovered its normality in 
from 10 to 13 hours or more, while in the pericardial fluid its re¬ 
covery was several hours later than in the blood. The results of this 
experiment are given in Table 4. 

This readjustment of the pericardial fluid and the blood to the 
normal sea water more rapidly than the adjustment to the diluted 
sea water seems to indicate the existence of some regulative mechanism 
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TABLE 4. 


No. of 
oysters 

No. of deter¬ 
mination 

i 

Times of immer- j 
sion in normal j 
sea water | 

Specific gravity 

Pericardial fluid ! Blood 

10 

4 

Ohr. 

1.012 

1.016 

15 

0 

i- 

1.012 1 

1.016 


9 

2„ 

1.012 

1.017 

20 

9 

! 3„ 

1.014 

1.018 


9 

4.. 

1.016 

1.020 

16 

9 

6.. 

1.016 ! 

1.023 

•• 

9 

6.. 

1.016 1 

1.024 


9 

7.. 

j 1.017 j 

1.024 

91 

9 

8„ 

! 1.018 ' 

1.026 

M 

9 


1.019 ! 

1.026 

M 

9 

10 „ 

1.020 i 

1.027 


9 

11.. 

1.022 i 

1.027 

M 

9 

12 „ 

! 1.022 i 

1.027 

M 

9 

! is,, 

1.023 i 

1.028 


in the body of the oyster. If such mechanism were wanting, the 
much slower decrease in specific gravity in the diluted sea water and 
such a rapid recovery in the normal sea water would be difficult to 
explain. 


THE OSMOTIC PRESSURE OF THE PERICARDIAL 
FLUID AND OF THE BLOOD. 

In 1871, Bert first found the osmotic relations existing between 
the body fluid and the surrounding water in several Invertebrates 
(Ecrevisse, Cyclopes, Corethra plumicomis , Chironanus etc.). Since 
that time the body fluids of a number of Invertebrates were tested in 
regard to the osmotic relation by numerous investigators. But, their 
observations were limited to the blood and thus no progress in this 
regard was made on the pericardial fluid. 

In this matter, Rodier (1900) was probably the first to investigate 
the osmotic relations between the blood and pericardial fluid of the 
Selachians. 

In Teleosts (Cyclopterus lumpus), Dakin (1908) has shown that 
the pericardial fluid has its own equilibrium, the freezing point being 
a little lower than that of the blood. 

Bottazzi (1897) studied the blood of several marine Invertebrates, 
and found that in many marine Invertebrates the freezing point of 
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the blood lies between -2.195 and -2.36°C. while that of the sea 
water lies similarly between -2.195 and -2.36°C., showing that the 
osmotic pressure of blood varies with that of the sea water. These 
observations of Bottazzi have also been proved by Fredericq (1904) 
to hold good in the case of Crustacea, 

In 1904-1905, Garrey obtained very similar results from the 
studies of some Molluscan blood, and reported that “the blood or 
body fluid of a marine Invertebrate has the same freezing point as 
the sea water from which it is taken, no variation of more than two 
hundredths (0.02°C) of the degree being found”. 

Dakin (1909) found that in the blood of Pecten, the freezing 


TABLE 5. 


No. of 

No. of 

determi¬ 

nations 

Pericardial 

Blood 

Sea water 

Difference 

Difference 

exp. 

oysters 

fluid A 

A' 

A" 

A'-A 

A"-A' 

1 

15 

9 

1.976 

1.998 

2.001 

0.023 

0.003 

2 


9 

69 

63 

1.990 

-0.006 

0.027 

3 


9 

7 

84 

i 

0.017 

0.007 

4 


9 

4 

18 

66 

-0.046 

0.047 

5 

II 

9 

58 

97 

85 

0.089 

0.012 

6 


9 

58 

4 

2.006 

0.066 

o.on 

tr 


9 

5 

77 

1.954 

0.042 

-0.028 

8 


9 

4 

66 

91 

0.031 

0.026 

9 


9 

28 

5 

85 

0.035 

0.020 

10 


9 

7 

64 

76 

0.027 

0.022 

11 

ft 

9 

5 

6 

81 

0.081 

0.025 

12 


9 

3 

71 

71 

0.048 

0.000 

13 


9 

18 

67 

83 

0.049 

0.016 

14 


9 

2 

51 

6 

0.039 

0.036 

15 

n 

9 

08 

43 

5 

0.035 r 

0.042 

16 

n 

9 

5 

23 

68 

0.018 

| 0.046 

17 

n 

9 

4 

87 

4 

0.033 

0.027 

18 

*t 

9 

3 

62 

! 86 

0.049 

0.034 

19 

t» 

9 

1 

22 

67 ! 

0.021 

0.046 

20 

•i 

9 

1.894 

61 

88 

0.067 

0.037 

21 

n 

9 

0 

22 

2.008 ! 

0.032 

0.086 

22 

M 

9 

66 

1.896 

1.973 

0.030 

0.077 

28 

ii 

9 

2 

920 

82 | 

0.068 

0.062 

24 

it 

9 

57 

884 

8 

0.027 

0.104 

25 

ii 

9 

4 

900 

76 

0.046 

0.076 

26 

it 

9 

45 

6 

4 

0.061 

0.068 

27 

i» 

9 

. 2 

1 

1.877 

0.069 

-0.004 

Range . 


1.842- 

1.976 

1.884- 

1.998 

1.897- 

2.008 



Average. 


1.918 

1.947 

1.979 

0.034 

0.082 
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point is sometimes higher and sometimes lower than that of the 
sea water. 

In 1914, Monti carried out a number of experiments on the 
osmotic pressure of blood of O strea edulis and Mytilns , etc. compared 
with the surrounding media, and found that the freezing point of the 
blood is much higher than that of surrounding sea water in Ostrea as 
well as in Mytilus . 

In the Japanease oyster, on the contrary, the osmotic pressure of 
blood is generally higher than that of the pericardial fluid, and is 
usually lower than that of the sea water, indicating that both the 
pericardial fluid and the blood show a varying osmotic equilibrium 
with its surroundings, independently to each other, and therefore the 
two kinds of fluids are not in a state of osmotic equality with each 
other (Table 5). 

It is evident from the table that the pericardial fluid and blood 

differ in their respective freezing point;-1.842-1.975 in pericardial 

fluid and -1.884-1.998 in blood, while the sea water of the aquarium 

in which the animals were kept freezes at -1.897-2.008. From 

these numerical relations we find that the freezing point of pericardial 
fluid is 0.034° higher than that of the blood, and the d of blood 
is 0.032° less than that of the sea water, though a reverse relation 
often occurs, as is shown by the oysters in experiments Nos. 2, 4, 7 
and 27. Summarizing the above statements, the pericardial fluid of 
the oyster has its own equilibrium just as in the case of Tcleosts, and 

the difference, though small, is present between the pericardial fluid 

and the blood, both of which are only separated by the thin mem¬ 
branes of the heart. 

When the oysters were kept in £ diluted sea water, the blood 

osmotic pressure fell rapidly for about 5 days, and remained rather 

stationary up to 16th or l?th day, then was followed by another rapid 
fall (Fig. 2). This stationary period between about 5th and 17th days 
may be considered as indicating a maximal ability to regulate the 
osmotic pressure of the animal kept in a diluted sea water. This 
conclusion just given is based on a large number of data obtained 
from numerous other marine Invertebrates besides the oysters, which 
data will be given in another paper. 

As was mentioned above, at the end of the stationary period a 
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TABLE 6. 


No. of 

No. of deter- 

bays of immer¬ 
sion in dil. 
sea water 

Pericardial 

Blood 

oysters 

mi nations 

fluid A 

A 

25 

9 

0 

1.960 

1.972 

25 

9 

1 day 

1.948 

1.880 

25 

9 

2 days 

1.836 

1.866 

27 

10 

3 „ 

1.725 

1.860 

25 

9 

4 

1.662 

1.632 

25 

9 

5 „ 

1.524 

1.617 

25 

10 

6 » 

1.4S0 

1.450 

25 

10 

7 „ 

1.424 

1.424 

26 

9 

8 

1.391 

1.420 

26 

10 

9 „ 

7.346 

1.418 

25 

9 

10 

1.302 

1.416 

25 

9 

11 „ 

1.270 

1.401 

25 

9 

12 „ 

1.229 

i 1.393 

26 

9 

13 „ 

1.200 

1.386 

25 

9 

14 

1.191 

1.380 

25 

10 

15 „ 

1.189 

! 1.878 

25 

10 

16 .. 

1.180 

1.370 

26 

10 

17 M 

1.146 

i 1.336 

26 

1 9 

18 „ 

1.080 

1.281 

25 1 

1 9 

19 „ 

1.073 

! 1.164 

25 

9 

20 

1.062 

| 1.078 

25 ! 

! 9 

21 „ 

1.048 

, 1.050' 

26 

i 9 

22 „ 

1.044 

1 1.041 

25 

! 9 

23 „ 

1.040 

! 1.034 



Fig. 2. The osmotic relation between the pericardial fluid and the blood 
of the oysters kept in diluted sea water (A -=0.895). The immersion time in 
days are plotted as the abscissae, and the depression of freezing points (%) as 
the ordinates. 
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rapid decrease was shown. 

On the other hand, the osmotic pressure of pericardial fluid shows 
gradual but steady decrease from the beginning to the end of the 
experiment, and such a stationary period as shown by the osmotic 
pressure of the blood is not shown owing probably to the less protec¬ 
tive ability of the pericardium against the changed environments. The 
data of the experiments are given in Table 6 and Fig. 2. 

TIIE QUANTITY OK NaCI CONTAINED IN THE PERICARDIAL 
FLUID AND IN THE BLOOD. 

The quantity of NaCI container! in the blood of the oyster is 
intimately related to the external media. Some investigators claim 
that the chlorine value found in the blood of the oyster is higher 
than that of the sea water, while others found it less than that of the 
sea water. But concerning the pericardial fluid nothing was done so 
far as I am aware. Many investigators attempted to determine the 
relation of the salt contents of the blood to that of the sea water. 

Cuenot (1891) has estimated the total salts in the blood of a 
number of marine Invertebrates in comparison with the sea water, and 
found that they were slightly less than those of the sea water in which 
the animals live. 

Quinton (1900) found that the amount of NaCI contained in the 
blood of Osterea edulis is much less than that contained in the 
surrounding sea water, and, furthermore, that if the oysters are kept in 
diluted sea water, which contains 23.7 grms. of NaCI per 1000 cc., the 
salt contents of the' blood becomes 23.1 grms. after 3 hours; and he 
extended similar studies to other Invertebrates, but did not determine 
the salt-content of other body fluids. 

Fkedericq (1904) states that the blood and fluids contained in the 
body cavity, coelom, or haemocoel, of some marine invertebrates show 
almost the same percentage of salts as that of sea water, but nothing 
was mentioned about the oysters. 

Drew (1910) states that the chlorine value of Lamellibranch blood 
is slightly higher than that of the sea wain. 

Monti (1914) states that the blood of Ostrea edulis has a higher 
concentration of salts than the sea water. 
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In ohler to compare accurately the quantity of NaCl contained in 
blood or pericardial fluid with that of the sea water, the animals 
under examination must be kept in the same conditions of sea water 
befor the samples are collected. Keeping this point in mind, I carried 
out my experiment with the oysters. That is, the oysters, which were 
kept for 24 hours in the normal sea water, which contained about 
30.frl-31.87 grms. of NaCl per liter, were transferred into slightly 
diluted sea water, which contained about 26.47-27.83 grms. of NaCl 
per liter, for 3 hours. Under such circumstances it is shown that in 
the oysters, kept in the normal sea water, the amount of NaCl of 
the blood and of the pericardial fluid is less than that of the sea water, 
while in the oysters kept in slightly diluted sea water, it is greater 
than that of the sea water. Following results will give the above 
relation in detail (Tables 7 and 8). 


TABLE 7. 

The oysters were kept in the normal sea water for 24 hrs. 


No. of 
oystei s 

i 

No. of deter¬ 
minations 

Pericardial fluid 

NaCl in 1000 cc. 

Blood | 

Sea water 

15 

! 6 

30.47 g. 

31.12g. j 

31.67 g. 

15 

i 6 

29.59 

30.51 ; 

30.42 

15 

6 

29.34 

29.89 ' 

30.64 

15 

6 

29.26 

30.62 ! 

31.08 

16 

6 

i 

28.48 

29.41 

30.86 


TABLE 8. 

The oysters were kept in the normal sea water for 24 hrs., 
then in diluted sea water for 3 hrs. 


No. of 

i 

i No. of deter- 


NaCl in 1000 cc. 


oysters 

j minations 

Pericardial fluid 

Blood 

Sea water 

15 

6 

30.76 K. 

29.06 g. 

26.63 K- 

15 

6 

29.85 

28.35 

27.68 

15 

6 

29.03 

28.52 

27.14 

15 

6 

28.91 

28,18 

26.47 

16 

6 

28.62 

28.27 

27.83 
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The above experiment shows that NaCl content in the body fluids 
can be altered by slightly diluting the sea water, and such degree of 
dilution may readily occur in the sea is not at all improbable'. The 
different results obtained by the different investigators as to the NaCl 
content of the body fluids of various marine invertebrates might merely 
mean that the animals at the time of examination were living in sea 
water of various degrees of dilution. 

The normal range of variation of NaCl in whole blood is from 
27 to 31 grms. per liter, and in the pericardial fluid from 27 to 29 grms. 
per liter, while in the sea water from 29 to 31 grms. per liter. 

PARTIAL OSMOTIC PRESSURE EXERTED BY SODIUM CHLORIDE. 

The object of the following experiment is to determine whether 
there is any significantly greater variation in the freezing point depres¬ 
sion according to individuals, when kept under the same physiological 
conditions, while the individual variation can be minimized; or further, 
whether the above relations are also shown in NaCl contained in the 
pericardial fluid and in the blood. 

The analysis of the sea water of Mutsu bay, in which the oysters 
were collected, gave NaCl content to be about 29.00-30.57 grms. per 
liter and its freezing point was found to be from 1.961° to 1.989°C. 
(mid point of range, 1.980°C.). The concentration of NaCl in terms 
of a gram-molecule will be 1.049 to 1.063; therefore from the above 
the osmotic pressure at the temperature of 0°C. should be about from 
23 to 24 atmospheres. 

In order to simplify the experiments, the writer, first of all, collected 
only those materials where the freezing point showed nearly identical 
values with each other and with that of the sea water, and a comparsion 
was made on the freezing point of the pericardial fluid with that of 
the blood in the same individual. Individual variation in the difference 
between the freezing points of the pericardial fluid and the blood 
fluctuated for a considerable range; in some samples the difference 
is 0.040°, while in the others it is 0.092. There are few cases the 
difference exceeds 0.100 degree. Most <»l the readings, however, 
varied between 0.05 and 0.06. 

It will also be seen from the Tables 9 and 10 that the similar 
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relation as just mentioned exists in the variation of the calculated 
values of the part of the depression of freezing point caused by 
sodium chloride in the blood and the pericardial fluid. 

The results are given in Tables 9 and 10. The value of A given 
in the tables is the mean of three readings of closer values, and the 
quantity of NaCl is the mean of at least three determinations. 


TABLE 9. 


No. of i 
exp. | 

No. of 
oysters 

i No. of 

I determi- 
! nations 

i 

Pericardial 
fluid A 

j Amount of 
NaCl | 

(grs. per j 
j liter) ! 

NaCl 

A' 

I Calculated 

A'/A 

i | 

16 

6 

1.943 

' 28.03 

1.804 

0.92 

o 1 

16 

6 

1.942 

28.07 

1.768 ! 

0.91 

3 ! 

16 

6 

1.927 

28.23 

1.778 

0.92 

4 | 

10 

! 3 

1.920 

28.76 

1.811 

0.94 

6 ! 

10 j 

3 

1.912 

28.48 j 

1.794 

0.93 

6 ! 

10 

3 

1.908 

28.16 

1.774 

0.92 

7 i 

10 1 

3 

1.907 

28.62 

1.803 

0.94 

8 i 

10 i 

3 

1.903 

28.66 

1.799 

0.94 

9 ' 

10 

3 

1.889 , 

27.68 

| 1.738 

| 0.92 

10 | 

10 

3 

1.886 

28.41 

| 1.790 

: 0.96 

11 l 

10 

; s 

1.884 

27.81 

1.762 

1 0.92 

12 j 

10 

1 3 

1.883 

27.16 

l 1.711 

0.90 

IS | 

10 

! 8 

1.868 

27.04 

! 1.704 

0.91 

14 ! 

10 

3 

1.862 

28.41 

1.790 

0.97 

16 1 

10 I 

3 

1.861 

28.66 

1.799 

0.97 

16 j 

10 

3 

1.860 

28.00 

1.764 

0.96 

17 1 

10 

3 

1.846 

27.27 

1.718 

0.93 

18 

10 

3 

1.840 ; 

28.34 

1.786 j 

0.97 

19 j 

16 

O 

1.814 J 

27.49 

1.732 i 

0.96 

20 j 

10 

3 

! 1.810 

27.77 | 

1 

1.760 | 

0.91 

Average 



1.882 

28.07 

1.768 

0.94 


The blood of marine Invertebrates is generally considered to have 
a freezing point which is closely similar to that of the sea water, but 
so far as my experiments go, this statement does not seem to hold 
so strictly as is generally believed at least in the oyster. 

In fact, there is a significant difference between the two, showing 
a difference of three hundredths (0.035°C.) of a degree in A corres¬ 
ponding to an osmotic pressure of about 0.42 atmospheres at 0°C. in 
favor of the sea water. 

In the pericardial fluid, on the other hand, as will be seen from 
the above figures, the J is about six hundredths (0.063°C.) of a degree 
smaller than in the blood, and this would correspond to a difference 
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of osmotic pressure of approximately 0.75 atmospheres at 0°C. If the 
pericardial fluid is compared with the sea water, the difference of the 
two would be about 0.098 in d, which would correspond to 1.17 
atmospheres at 0°C. in the osmotic pressure. 

Furthermore a certain chemical difference is shown between the 
pericardial fluid and the blood; the amount of NaCI in the former 
ranges from 27.04 to 28.75 grms. per liter, while in the latter it is 
from 27.76 to 30.50 grms. Since the maximum content of Na(,’l in 
the pericardial fluid is 28.75 grams., and in the blood it is 30.50 grams, 
we would obtain, between the two, the difference of 0.111°C. in J 
and about 1.33 atmospheres at 0°C. in the osmotic pressure. 

Thus the quantity of NaCI contained in the pericardial fluid and 
in the blood is different. In the tables, J represents the depression 
of freezing point of the blood or the pericardial fluid, and J' part of 
the depression to be caused by sodium chloride calculated from the 
amounts of the latter in these' fluids. For the pericardial fluid we 
find the ratio J'/J=0.94, while for the blood we find the ratio 

J'/J=0.93. 


TABLK 10. 


No. of 
exp. 

Blood 

A 

Amount of 
NaCI (grs. 
per liter) 

NaCI A / 
calculated 

VIA 

1 

1.983 

j 30.05 

1.893 

0.96 

2 

| 1.984 

28.74 

1.810 : 

0.91 

3 

1.966 

29.72 

* 1.872 

0.96 

4 

1.970 

29.66 

1 1.868 

0.94 

5 

1.946 

1 29.24 

1.842 

0.96 

6 

1.971 

j 29.81 

1 1.878 

0.96 

7 

1.964 | 

| 29.96 

I 1.887 i 

0.96 

8 

1.972 

i 30.60 

i 1.922 

0.97 

9 

1.961 

28.40 

i 1.789 

0.92 

10 

1.963 

29.37 

I 1.860 

0.94 

11 

1.942 

28.46 

, 1.793 

0.92 

12 

1.937 

27.91 

1.758 

0.90 

18 

1.960 

29.42 

1.863 

0.95 

14 

1.924 

27.76 

1.749 

0.90 

15 

1.917 

29.62 

1.866 

0.97 

16 

1.918 j 

29.70 

L.871 

0.97 

17 

1.916 ! 

28.91 

1.821 

0.96 

18 

1.902 | 

29.67 

1.863 

0.98 

19 

1.906 

28.48 

1.794 

0.94 

20 

1.926 j 

28.86 

1.818 1 

0.94 

Average 

1.946 

28.71 

1.809 1 

0.93 
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From the above, it may be said that 94# of the osmotic pressure 
of the pericardial fluid is exerted by sodium chloride, and hence the 
latter makes up 94 # of osmotic concentration of the substances in 
the fluid. Similarly, the sodium chloride exerted 93# of the total 
osmotic pressure and makes up 93# of the osmotic concentration of 
the substances in the blood. 

Duval. (1928) reported that the NaCl in blood of Buccinum un- 
datum (marine Gastropoda) is responsible to 95 per 100 of the osmotic 
pressure of the blood. His results in genera) accords with mine. 

The results of my own researches show that the pericardial fluid 
of the oyster is not exactly isotonic with the blood, since its freezing 
point is higher than that of the blood (Tables 9 and 10). 

INFLUENCE OK VARIOUS URADES OF DILUTION OF 
SEA WATER ON ELECTRICAL CONDUCTIVITY. 

Bottazzi (1905) studied the specific electrical conductivity and the 
freezing point of the blood in marine Invertebrates of several phyla, 
compared with those of sea water. 

In the present investigation the writer has also determined the 
electrical conductivity of blood of several species with special reference 
to that of the oyster. 

Determinations were made during the months of August and 
September. The animals after collection were kept in a large tub 
filled with sea water for one day before being used, in order to 
prevent the changes of salinity of sea water, though its gas content 
showed usually 4-fi per cent increase during the course of experiment, 
which however influences the result very slightly. The water tem¬ 
perature of the tub varied between 19°C. and 22°C. 

I have attempted to determine whether or not the electrial con¬ 
ductivity of blood and that of sea water show any causal connection. 
As far as my observations went the existence of such relationship 
seemed highly probable, but for any definite statement a further 
accumulation of data is required. 1 have determined the electrical 
conductivity of blood and of the pericardial fluid of marine Invertebrates 
in comparison with sea water. The observations show that the elect¬ 
rical conductivity of the blood varies regularly with that of the sur- 
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rounding sea water as will be seen from Table 11 where a ratio k/k' 
(k=specific conductivity of blood, k'=specific conductivity of sea water) 
and a ratio d/d' (J—depression of freezing point of blood, J'—de¬ 
pression of freezing point of sea water) are given. 



TABLK 

: 11. 





Group j Species 

Blood ! 

1 

. ‘ K(26’Co.l«“, 

Sea v\ator i 

1 

*/ K / (26°C.).10 o ! 

VA'k/k' 

i 

: * *K(2\°C.).1W 

« >4 

‘K / (21°C.).10»i 

1 


Coelen- , Anthopleura xanthogram • 
terata j mica 

1 

1.967 ! 

48162 j 

1.996 

49513 

.98(1.973 

1 Cavernulana haheren 

1.989 : 

48924 

1.995 1 

49844 

1 

.997 

.982 

Crikrina artemisin 

1.941 

48535 j 

1.995 

49613 1 

.973 

.980 

1 Dactylometra pacifica 

|1.970 

47941 

1.978 ' 

49576 1 

i 

. 996 

.967 

Gepbyr. 1 Stpunculus nudus* 

2.265*! 

61200* 

2.274* 

54700* j 

.996 

.936 

Poly- 1 Aphrodite aculeata* 

2.269" 

61700 s 

2.274* 

64700* ' 

.993 

1.945 

ebaeta Arenicola cristata 

1.938 

47808 

1,986 1 

49884 

.976 

1 .960 

Kchino- 1 Asterina pectimfera 

'1.974 

48206 

1.986 ; 

60637 

.994 

.962 

derma ^ Caudina chilensis 

1.884 ! 

47762 

1.893 , 

49924 

.995 

.956 

| Heliocidaris crass ispina 

1.921 : 

i i 

48464 

1.960 

49924 

.986 

.971 

1 Holothuna Poll* 

2.299*! 

50300* 

2.360*j 

56000 

.974 

.915 

, Stichopus japonicus 

1.980 

47681 

1.986 | 

49879 

.997 

.956 

I 

Gastro- j Aplysui hmacina* 

2.317* 

48100* 

2.360* 

55000* 

.981 

>.876 

j 

poda Aplysia sp . 

1.923 

47644 

1.988 ! 

49896 

.966 

.953 

! Doltum galea* 

'2.238* 

50200* 

2.360* 

64700* 

. 984 

.918 

Tugalta gigas 

1.964 i 

47897 

1.987 | 

49614 

| 

.988 

|. 965 

Lamelli- Anadra inflata 

1.947 

47946 

1.964 

49865 

.996.961 

rhteta ! Modiolus cap** 

1.954 

48129 

11.961 1 

49982 i 

.996 

1.963 

: Myhlm dunken 

1.931 

47613 j 

1.982 : 

49838 

.974 

.963 

j Ostrea circumpicta 

jl .941 . 

48134 

1.988 ' 

49865 

.976.967 

Cepha- j Octopus macropus * 
lopoda j 0ctf)pus tm[gari ls * 

2.290* 

42200* 

2.360*| 

65000* 1 

1.9701.767 

2.296* 

43800* 1 

2.360*: 

56000* ! 

.973 

.796 

Crusta. j Mitella mitella 

1.989 

47476 

1.994 ' 

49807 

.9971.953 


*The data obtained by Bottazzi. 


From the above table, it will be seen that among the animals 
studied, all show without exception a lowei conductivity of blood than 
that of sea water, and the conductivity ratio k/k' shows no considerable 
variation among the different species, giving a small range of .875- 
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.982, with the exception of Aplsia and Cephalopoda which have much 
lower values and of those Bottazzi already gave much lower values. 
We find the range of J/J' to be .966-.997 without exception, and 
we further notice* that when the ratio d/J f is compared with the 
conductivity ratio k/k\ no definite relation is shown. However, in 
the* oysters which were kept in the sea water of .} dilution the blood 
shows progressive decrease of conductivity in parallel to the depression 
of freezing point, and the same phenomenon is noted with that of the 
pericardial fluid. The data showing the relations found in the oysters 
are given in Table 12 and Fig. 3. 


TABLK 12. 

Effort of diluted sea water upon blood and pericardial fluid. 


No. of 
oysters 

No. of 

determi¬ 

nations 

Days of 
' immersion 
j in dil. sea 
water 

Pericardial 

fluid 

A 

Blood 

A 

Conductivity k(25°C.) 

16 

9 

0 

‘ 1.948 

1.992 

48601x10-“ 

49013x10-“ 

20 

18 

1 dav 

1.908 

1.880 

48203 x „ 

47815X .. 

10 

20 

i 2 days 

1.860 

1.600 

41561 x ., 

38649 x 

16 

21 

a 

• 1.681 

1.617 

88462 x 

86944 x 

16 

18 

4 „ 

1.602 

1.601 

— 

—* 

20 

21 

6 „ 

1.600 

1.470 

.•“.6224 x „ 

34746 X „ 

20 

21 

! 6 » 

1.384 

1.460 

86646 X „ 

33211 x ., 

26 

16 

7 „ 

; 1.324 

1.420 

34230 X 

32600x 

20 

13 

8 .. 

i 1.227 

1.402 

31786 x „ 

.12408 x „ 

16 

10 

f 9 „ 

1.212 

1.384 

29876 x .. 

32129 X tt 

20 

10 

10 „ 

! 1.160 , 

1.349 

29108 X .. 

32011 x 

20 

10 

11 

1.111 

1.337 

28640 x .. 

31876 x tt 

20 

10 

12 „ 

1.089 

1.326 

27362 X 

31422 x .. 

16 

10 

1.? ft 

1.063 

1.317 

27825 x .. 

31057 X .. 

16 

10 

! 14 

i 1.051 

L.310 

27281 X„ 

30824 X i, 

16 

10 

! 16 tt 

j l.ono ; 

1.304 

26800 X 

i 30413X .. 

16 

1 10 

\ 16 ,» 

1.025 | 

1.300 

26220 x .. j 

! 30246X .. 

16 

10 

17 „ 

. 0.986 | 

1.280 

25834 x .. 

30014 X „ 

16 

10 

. 18 „ 

« 0.952 ; 

1.199 

26301 x „ 

28727 x 

16 

10 

i 19 „ 

0.924 , 

1.107 

24778 x .. ! 

26262 x 

16 

; io 

20 .. 

0.904 , 

1.078 

24146 x .. 

26038 X .. 

16 

! 10 

21 

I 0.883 , 

0.923 

23766 x .. 

22111x „ 


As already mentioned, the oyster is one of the poikilosmotic animals, 
hence the concentrations of the body fluids vary correspondingly with 
variously diluted sea water; consequently the decreasing of the con¬ 
ductivity is proportional to the dilution of sea water. As is shown 
in Fig. 3, when the oysters were kept in £ diluted sea water for 5 
or 6 days the conductivity of both fluids reduced about to one third. 





Specific conductivity and freezing point depression 
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Fig. 3. Curves of the conductivity and the freezing point depression of the 
pericardial fluid and the blood of the oysters in the diluted sea water (A-0.862, 
—23262 .JO-* 1 ). The immersion days are plotted as the abscissae, and the 
conductivity and the freezing point (?o) as the ordinates. 

and after this period the conductivity of the blood decreases slowly 
while that of the pericardial fluid decreases somewhat faster; con¬ 
sequently a great disparity in conductivity occurs between the two as 
the time advances. Since there exists a parallelism between the de¬ 
creasing of the conductivity and the depression of the freezing point 
in both the pericardial fluid and in the blood, we can predict the 
change of the blood if the change of pericardial fluid is known and 
vice versa. 

THE RELATION BETWEEN VISCOSITY AND CONDUCTIVITY OF 
BLOOD OF SOME MARINE INVERTEBRATES, WITH SPECIAL 
REFERENCE TO THOSE OF PERICARDIAL FLUID 
AND BLOOD OF THE OYSTER. 

The discovery by Wiedemann in 1856 of the fact that viscosity 
and conductivity are closely related, has aroused the deep interest of 
many investigators, and as a consequence a number of important 
results have been obtained since that time. In 1926 Kunitz pointed 
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out the existence of a closer relation between viscosity and osmotic 
pressure, and showed that the values for the amount of solute in 
solution obtained from viscosity measurements may be calculated from 
the osmotic pressure measurements. Moreover many valuable investi¬ 
gations on the viscosity have been performed by several authors, but 
the body fluids of marine Invertebrates still remain much to be studied. 

In 1909, Bottazzi determined both the viscosity and the conductivity 
of blood of some marine Molluscs, but nothing was mentioned on the 
relation between the two. 

Quaguariello (1925) reexamined Bottazzi’s data just mentioned, 
but likewise the relation existing between the two factors was untouched. 

I found that the product of viscosity and conductivity or v. k is 
nearly constant in the majority of cases examined (see Table 13) 
though its true physiological significance is not yet clear. 

The present writer undertook this observation with the hope not 
only to repeat some of the work of Bottazzi but to throw some light 
on the physiological meaning of v. k. The value of v. k obtained 
from various groups of Invertebrate is given in Table 13. 


TABLE 13. 


Group j 

Species 

ka'vc 

vw c ! 

v.k 

1 

Coelenterata j 

Anthopleura xanthogrammica 

48162.10“« 

1.274 | 

0.061 


Cavemularia haberen 

48024. M 

1.240 

| 0.061 

i 

I 

Dactylometra pacifica 

47941. „ 

1.266 

0.061 

Polychaeta | 

Aremcola cristata 

47898. „ 

1.376 j 

0.066 

Echinoderma j Asterina pectinifera 

48206. 

1.320 j 

0.064 


Caudina chilensis 

47762.,, 

1.422 

0.068 

! 

Helioridaris crussispma 

| 48464.,, 

1.280 

0.062 


, Stichopus japontcus 

47681. „ | 

1.446 

0.069 

Gastropoda 

Aplysia sp. 

47644. „ 

1.361 

0.066 


Tugalia gigas 

47897.,. 

1.366 

0.065 

Lamellibran- 

! Anadra inflata 

47946. „ 

1371 

0.066 

chiata 

Myttlus dunkeri 

47613... 

1.323 

0.068 


Ostrea circumpicta 

48134. „ 

1.802 

0.068 


Pecteri ycssoensis 

48672.,. 

1.422 

0.069 

Crustacea 

| Mitella mitella 

47476. „ 

1.261 

0.060 
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As will be seen from Table 13 the values of v. k. obtained from 
the blood of several marine Invertebrates lie between the two narrow 
limits 0.060 and 0.069. 

In all the oysters examined the value of v. k or the product of 
conductivity and viscosity is slightly lower in the pericardial fluid than 
in the blood as will be seen from the following Table 14. 

TABLE 14. 


No. of 
oysters 


No. of j 
detcrmi*! 
nation [ 


15 

15 

15 

20 



Pericardial fluid | Blood 


k.wi' ! 

vj«pr j 

v. k 

kj.rr | 

v t« re ! 

v. k 

47563.10-« j 

1.273 ' 

0.062 1 

48538.10-“ 

1.286 1 

0.062 

47666. .. j 

1.300 

0.062 

49073. „ i 

1.326 

0.063 

47820.1 

1.280 < 

0.061 | 

48134. „ 1 

1.302 

0.063 

48176. „ ' 

1.266 j 

0.060 ; 

49624. „ 

1.280 

0.062 


The values of v. k of the pericardial fluid of the oysters, similarly 
to the blood, come very close to the values given in Table 13. 

This near constancy in the value of v. k suggests that the blood 
of the lower marine Invertebrates is essentially the same as to its 
properties as well as the concerntration of electolytes contained. 

The body fluids are sometimes less viscous, and sometimes more 
viscous than the sea water in which the animals live. 

When the oysters were kept for 48 hours in sea water (relative 
viscosity 1.797) the blood became more viscous than the pericardial 
fluid (Table 15). 


TABLE 15. 


No. of oysters 

No. of deter¬ 
minations 

Subject 

Relative viscosity 
(19-C) 


6 

Sea water 

1.797 

40 

6 

1 

Pericardial fluid 

1.674 


6 

Blood 

1.719 


When the oysters were transferred from the above sea water 
(v== 1.797) and kept for 24 hours in other sea water having the rela- 
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tive viscosity of 1.225 the blood became less viscous than the pericardial 
fluid (Table 16). 


TABLE 16. 


No. of oysters 

j No. of deter¬ 

minations 

i 

Subject 

i 

Relative viscosity 
(10“C) 


6 

Sea water 

1.226 

40 

G 

Pericardial fluid j 

1.494 

; 

1 6 

| Blood 

1.472 


On the contrary, after 48 hours in the above sea water (v —1.225) 
the blood became more viscous than the pericardial fluid, but after 
this change the relative viscosity of the blood remained almost statio¬ 
nary as long as my observation lasted (about 4 days) (Table 17). 

TABLE 17. 


No. of oysters 

i No. of deter* 

! minations 

Subject 

i Relative viscosity 

j (i9°o 


G 

Sea water 

; 1.226 

40 

6 

I Pericardial fluid 

i 1.283 


G 

Blood 

| 1.302 


During last summer the relative viscosity of the sea water kept 
in a tub varied from 1.204 to 1.685, but occasionally it surpassed the 
limiting values just given. 

From the fact that change in the sea water produces corresponding 
change in the blood and pericardial fluid in regard to the viscosity 
and conductivity, it seems justified to conclude that there are some 
causal connections between these two factors just mentioned and 
composition of these body fluids. 

ON THE SURFACE TENSION OF THE BODY FLUIDS OF MARINE 
INVERTEBRATES, ESPECIALLY THAT OF THE PERICARDIAL 
FLUID AND THE BLOOD OF THE OYSTER. 

In the experiments already described it was shown that among 
inorganic salts contained in blood, pericardial fluid, and sea water, the 
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sodium chloride represents the greatest part and consequently it must 
play an important role on the surface tension. 

It is a well-known fact that many inorganic salts or capillary-inactive 
substances raise the surface tension. The relative contents of these 
salts in body fluids and sea water are not far different from one 
another. If the salts are intimately related with the surface tension, 
then we may expect that the measure of the surface tension of those 
fluids closely resemble one another. 

Bottazzi (1909) measured with great accuracy the relative surface 
tension for blood of some marine Invertebrates as well as of sea water. 

The present writer also measured the surface tension with a series 
of some marine Invertebrates, especially with the oyster. 

I shall first present the data on the oyster, as well as the method 
employed, in the following pages. 

As a first step in the determination of the surface tension it was 
necessary to select the oysters in which the blood showed nearly equal 
electrical conductivity. The pericardial fluid was collected from those 
selected oysters. By this method, even a very slight difference in 
surface tension, if present, between the pericardial fluid and the blood 
can be determined quite clearly. The results of the investigation are 
given in Table 18. 


TABLE 18. 


No. of 
oysters 

| ... r Pericardial fluid 

No. of 

; dotermi- g { Surface 

nat,ons t.v.ty (2FQ| 

Blood 

, c , Surface 

, P ; tension 

t.vity (26 C) (liPO 

Sea watei 

^ , Surface 

, Sp ; ‘‘""J5*;; tension 
tivity (26 (.) (|9 „ C) 

16 

6 48267 x 10—«; 

0.884 

48874X10-". 0.871 

49250 xlO-° 

0.986 

15 

6 48244 x „ j 

0.878 ! 

48622X .. 0.864 

„ 


15 

6 47202 x ; 

0.884 

48476x .. 0.871 


„ 

15 

6 , 48002 x „ | 

0.879 j 

48888X .. 0.866 

,, 

„ 

16 

6 i 47943 x „ 

0.876 , 

48066X .. ’ 0.868 ’ 

•• 

” 


The following conclusions may be drawn from the results given 
in Table 18. 

The blood exhibits a lower surface tension than that of the peri- 
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cardial fluid, while the sea water exhibits a higher surface tension 
than any of the others. 

The changes of the specific conductivity and of the surface tension 
of the pericardial fluid do not run parallel with that of the blood, 
due probably to the difference of the protein content in both fluids. 
Since increase of the protein content lowers the surface tension, the 
difference in surface tension found between the pericardial fluid and 
the blood seems due to the difference of protein content rather than 
to the different amount of NaCl contained in those two fluids. 

In the oysters which are kept in £ diluted sea water, a much 
clearer difference in the surface tension between the pericardial fluid 
and the blood is noted, as will be seen from Table 19. 


TABLE 19. § 


No. of 
oysters 

No. of deter¬ 
minations 

Days of immer¬ 
sion in diluted 
sea water 

Surface 

Pericardial fluid 
(19°C) 

tension 

Blood 

(19°C) 

15 

12 

0 

0.878 

0.870 

15 

14 

1 day 

0.880 

0.879 

16 

13 

2 days 

0.882 

0.880 

15 

20 

3 „ 

0.885 

0.885 

16 

| 14 

4 „ 

0.889 ! 

0.898 

15 

13 

5 „ 

0.894 

0.911 

15 

IS 

6 .. 

0.898 i 

0.934 

16 

12 

7 .. 

0.901 | 

0.941 

16 ! 

14 

8 „ 

0.911 ; 

0.954 

16 

13 

9 „ 

0.927 ! 

0.969 

15 | 

13 

10 ,t | 

0.940 j 

0.983 


We find from Table 19 that the surface tension of the blood and 
of the pericardial fluid began to increase one day after the oyster 
was placed in the diluted sea water, and the rate of increase in the 
surface tension of the former is relatively quicker than that of the 
latter. In consequence of this difference, in 3 days its value became 
equal to that of the pericardial fluid, and then the difference in the 
surface tension between the blood and pericardial fluid become greater 
and greater, and the surface tension of the blood became considerably 
higher than that of the pericardial fluid at the end of the experiment, 
as is shown in Fig. 4. 

I have also determined the surface tension of the blood in various 
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*0 6 10 Days 

Fig. 4. Curves showing the change in the surface tension of the pericardial 
fluid and of the blood of Ostrca circumpicta. The ordinates represent the surface 
tension of the fluids, and the abscissae represent number of days the oyster was 
kept m i diluted sea water. 

species of the marine Invertebrates together with that of the sea 
water where these are living and the results of determination are 
given in Table 20. 

Despite the fact that the data on the surface tension given in 
Table 20 were obtained from the animals representing a wider range 
of taxonomical position, yet the values closely resemble one another 
and all show a definite difference from that of the sea water. Since 
the quantity of surface inactive substances contained in blood is about 
the same as in the sea water, and the surface tension is always lower 
in blood than in the sea water, it follows that the amount of the 
surface active substance must be much greater in blood, and again 
some slight individual variations found in regard to the surface tension 
depend much on the presence of a variable quantity of those substances. 

It will be noticed from Table 20 that the relative surface te nsion 
of blood of many marine Invertebrates lies between 0.75 and 0.93, 
except Cephalopoda (0.68), giving the mean value of 0.8, while that 
of the sea water is 0.9. 
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TABLK 20. 


Group 

Species 

. 

Blood surface 
tension (19°C) 

§ea water 
surface tension 
(19°C) 

Coelenterata 

Cavemularia habereri 

0.933 

0.947 


ii •» 

0.894 

0.966 

Polyehaeta 

Arenicola. cnstata 

0.845 

0.923 



0.908 

0.937 

Erhinoderma 

Caudina chilensis 

0.822 

0.898 


M »» 

0.860 

0.920 


Heliocidans crassispina 

0.897 

0.949 


„ 

0.934 

0.986 


Stichopus japonicus 

0.889 

0.946 


.. it 

0.903 

0.927 

"Gastropoda 

Aplysia depilans* 

0.804* 

0.882-1.003* 

1 

.» limacina* ; 

0.764* 1 

! 

t* 


ii sp. 

0.822 

0.988 


•» »i 1 

0.809 

0.966 

Lamellibran- 

Anadra tnflata j 

0.783 

0.918 

chiata 

” 

0.836 

I 0.906 


My Ulus dunkeri 

0.878 

0.963 


1 

i» tt 

0.826 

0.922 


Ostrra cirwmpicta 

0.864 

0.972 


i 

, 0.817 

0.972 


Pecten yessortisis j 

0.849 

0.937 


1 

0.798 ! 

j 

0.921 

Cephalopoda 

Octopus tnacropus* 

0.682* j 

0.982-1.003* 


"The data obtained by BoTTAZZI. 


CONCLUSION 

From the present investigation the following results were obtained: 

1. The pericardial fluid of the oyster is perfectly transparent, 
while the blood is opalescent with a yellowish tint in transmitted light, 
and with a bluish tint in reflected light. 

2. The quantity of NaCl contained in the pericardial fluid of the 
oyster is less than that of the blood, and the latter is less than that 
of the sea water in which the animal lives. 

3. Amount of NaCl in the pericardial fluid of the oyster corres- 
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ponds to 94 per 100 of osmotic concentration of dry substances, while 
in the blood it corresponds to 93 per 100. 

4. The specific gravity of the pericardial fluid of the oyster ranged 
from 1.022 to 1.024 (mid ponit 1.023) and that of the blood from 1.023 
to 1.028 (mid point 1.026), while the sea water gave from 1.022 to 
1.024 (mid point 1.023). These values are affected by the change in 
the surroundings when the animal is kept in l diluted sea water. 

5. The freezing point of the pericardial fluid of the oyster is 
about six hundredths (0.063°C.) of a degree higher than that of the 
blood; this difference corresponds to 0.75 atmospheres at 0°C.; con¬ 
sequently these fluids are not in a state of osmotic equality with each 
other. 

6. When the oysters, which had been kept for a long period in 
a diluted sea water, were removed into the normal sea water, the 
specific gravity and the osmotic pressure of the blood and the peri¬ 
cardial fluid returned to their normal values more rapidly than they 
were changed by the external conditions when the animals were trans¬ 
ferred from the normal to the diluted sea water. These changes were 
much slower in the pericardial fluid than in the blood. This pheno¬ 
menon was due probably to the existence of some regulative power 
in the animal. 

7. The product (v. k) of viscosity and conductivity of the blood 
is nearly constant in the majority of animals of different groups 
examined, and lies between the narrow limits 0.060 and 0.069. In 
the blood of the oyster the value of v. k was 0.063, while in the 
pericardial fluid it was 0.061. 

8. The difference in the surface tension between the* pericardial 
fluid and the blood seems due to the difference of protein-content 
rather than to the difference in amount of NaCI in those two fluids. 

1 wish to express my hearty thanks to Prof. I)r. S. Hatai and 
the late Assist. Prof. K. Okazaki, for their kind advice and review 
of the manuscript. 
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The Normal and Abnormal Respiration in the 
Oyster, Ostrea circumpicta Fils. 

By 

Akira Nozawa. 

(The Marine Biological Station of the TAhoku Imperial University, 
Asamushi, Aomori*Ken, Japan.) 

Concerning the problems in relation to the respiration in the lower 
invertebrates much work has been done. Henze (1910) reports that 
the respiration rate of some of the simpler marine invertebrates (Actinia, 
Anemonia, Sipunculus) shows a dependence upon the oxygen tension 
in the water, decreasing as the latter decreases; whereas the respira¬ 
tion of higher invertebrates ( Carcinus Scyllarus, Eledone, Aplysia) is 
independent of the oxygen tension. Krogh (1916) accepts Henze’s 
interpretations and arrives with him at the general conclusion that 
the cold blooded animals are independent of the oxygen tension in 
the surrounding medium except in some of the simpler organisms. 
Bruce (1926) reports that the absorption of the oxygen and the out¬ 
put of the carhon dioxide differ with different temperatures, that is, 
higher temperature increases both the absorption and output, though 
this process cannot go on beyond a certain limit with further increase 
of temperature. Regnauld and Reiset (1849) report that the respira¬ 
tory quotient of Ostrea edulis is 0.76 (15°C.). Parker (1922) measured 
the metabolic rate in four states, relaxed, contracted, relaxing, and 
contracting of the sea anemone, Metridium marginatum, and found 
that in the relaxed, contracted, and relaxing states the amounts of 
carbon dioxide excreted were found to be about the same, but in the 
contracting state showed an appreciably higher increase. Parnas (1910) 
reports that an Anodonta, the adductor muscles of which had a section 
area of 0.3 sq. cm., calls forth no increase in the respiratory exchange 
either during or after the loading with 3000 gms. for three hours. 

The present investigation was carried on with a hope to obtain 
further data on the respiration of the oyster subjected to severe strain 
by hanging on it a heavy weight. 
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I wish to express my sincere thanks to Prof. S. Hatai and the 
late Assistant Prof. K. Okazaki for their valuable suggestions and 
critieims throughout the course of this study. 

Method. 

The determination of the oxygen and the carbon dioxide was made 
by the Van Si.yke method. 

The oyster was placed in 8 liters of sea water held in a jar with 
a volume of about 10 liters, and liquid paraffin was used to intercept 
the sea water from the air. It is often stated that air can permeate 
through liquid paraffin, and I tested this assumption just stated quali¬ 
tatively by means of the methylene blue method. To 20cc. of \% 
methylene blue dissolved in sea water is added 1% rongalit solution 
until the colour disappears. This mixture is covered by the liquid 
paraffin and the amount of time which is necessary to recover the 
blue colour in the* solution is determined. It was found from this 
test of the liquid paraffin, covering the medium to the thickness of 
3 cm., that the interception between the atmosphere and the medium 
is complete for nearly 24 hours. 

The outer layer of the* oyster shell is usually infested with numerous 
organisms, including worms, and therefore these should be removed 
completely before the oyster is used, so as to prevent the respiration 
of these extraneous organisms, for otherwise the result would naturally 
be inaccurate. However, complete clearing of these adhering organisms 
is practically impossible, and therefore I covered the shells with soft 
paraffin, which, though simple, was found to be very effective. 

A sample of the sea water was taken from the jar by means of 
a pippet one opening of which is joined to a U-shaped glass tube 
which is partially filled with mercury, and another end is connected 
to capillary tube which is inserted into the jar through the liquid 
paraffin, and the required amount of sea water, is automatically sucked 
into this pipette through the capillary by properly lowering or raising 
the mercury. 
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Result of the Experiment. 

1 . NORMAL RESPIRATION. 

Gas analysis of the water was made once for every 2 hours. As 
an example I have given the data obtained from one oyster in Table 
1 and in Fig. 1. As is shown in Table 1 and Fig. 1, the oxygen is 
consumed nearly at the same rate during the first 8 hours of the 
experiment until the oxygen tension becomes about 0.1%. This rela¬ 
tion indicates that during this first 8 hours the rate of the oxygen 
consumption is practically independent of the oxygen tension in the 
medium and is maintained at the same rate. It is to he noted that 
during this period just mentioned the rate of carbon dioxide production 
is also approximately uniform, similar to that shown by the oxygen 
consumption. But after 8 hours of the experiment the output of the 
carbon dioxide shows a greater rate of increase as compared with that 
of the consumption of oxygen. Berkeley (1923) reports that the 
crystalline style in certain molluscs is related to the anaerobic respira¬ 
tion, from the fact that in a mollusc under anaerobic condition for 
eight days the crystalline style disappears entirely. I also noted in my 
experiment that it disappeared after 24 hours, and in some others 

Table 1. 


Time in 

Oj content 

| CL consumed 

• CO.) content 

CCL evolved , 

Respiratory 

hours 

Vol. 

| Vol. % 

Vol. % ' 

Vol. v 

quotient 

0 

0.738 

i 

i 

a. 986 ; 



o 

M 

0.663 

1 0.186 

4.169 ' 

0.174 

0.860 

4 

i 0.892 

i 0.161 

4.296 

0.137 

0.860 

6 

! 0.217 

i 0.176 

4.467 , 

0.176 

1.000 

8 

0.114 

! 0.103 

4.671 * 

0.204 

2.001 

10 

i 0.082 

1 0.032 

4.761 

0.091 

2.843 

12 | 

| 0.064 

; 0.017 

4.814 

0.062 

3.068 

14 

0.061 

1 0.014 

4.879 i 

0.066 

4.644 

16 ! 

! 0.060 

1 0.001 

4.964 

0.076 

7.600 

18 

0.043 

' 0.007 

4.989 i 

0.036 

6.000 

20 

0.040 

, 0.003 

6.006 

0.017 

6.666 

22 

0.036 

0.006 

6.088 

0.032 

6.040 


Total weight.280 gms. 

Length . la cm. 

Width. 8 cm. 

Fresh body weight without shell.88 gms. 

Temperature of sea water in the jar.22°C. 
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even in 12 hours. This disappearance of the crystalline style in my 
test cannot be taken as positive proof that it was used up during 




Fig. 1. Normal respiration. 

CO s content and oxygen content in the medium. 


anaerobic respiration, since its presence or absence in the oyster was 
unable to be determined until the experiment was over. However, 
exposing the oyster for 3 to 4 hours in the atmosphere in which a 
presence of the crystalline style is known, brought about complete 
disapperance in most of them. Therefore, its connection with anaerobic 
respiration cannot be doubted. The rates of the consumption of oxygen 
and of the output of the carbon dioxide decrease more and more 
every hour, and on the other hand the respiratory quotient becomes 
larger and larger every hour. Two hours after the experimentation 
the respiratory quotient was found to be 0.873, while Regnauld and 
Reiset (1849) found it to be 0.79 in Ostrea edulis and 0.84 in Mytilus 
edttlis . These differences in the values of respiratory quotient just 
given may be due to the difference of species used, but needs further 
observation before a definite statement can be made. 
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The respiration carried at different temperatures has been observed 
by Bruce (1926). He reports that the respiratory activity of Mytilus 
is optimum at 22.3°C., but at higher than 25°C. or at lower than 21 P C. 
is gradually decreased. GaltsoFF (1928) found with Ostrea virginica 
Gm. that the optimum temperature for the mechanical activity of the 
gills lies between 25°C. and 30°C. Below 5°C. no current is produced, 


Table 2. 


Mean value of oxygen uptake per j 
lOgms. wet tissue per hour. | 

i 

Water temperature in °C 

0.052 

10.0 

0.078 

15.2 

0.102 

22.0 

0.135 

26.0 

0.115 

27.0 

0.080 

30.0 
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though the cilia are beating. Ciliary motion stops entirely at the 
freezing temperature of sea water. I have also found a similar rela¬ 
tion, as will be seen from Table 2 and Fig. 2. 

As is shown in Table 2 and in Fig. 2, Ostrea cincumpicta Pils. 
showed the optimum respiratory activity at 25°C., which in turn at 
30°C. fell suddenly. From 10°C. to 25°C. the activity increased gra¬ 
dually. The values given by the oyster are 2° to 3°C. higher than 
the optimum activity shown by Mytilus. This difference may be due 
to the adaptation to their respective surroundings, for the temperature 
of the sea water where Mytilus was collected is 14°C. at its highest, 
while the sea water of The Asamushi Marine Biological Station where 
the oyster is living is 23°C. at its highest. Takatsuki ('29) recently 
found that the heart pulsation stops at 5°C. and at 45°C. in the oyster 
of temperate /.one (Ostrea circumpicta Pils.) and at 9°C. and at 50°C. 
in the oysters of tropical zone (Ostrea dendata Kuster). This is 
another example of an adaptation of the oysters to their surroundings. 

The value of pH in the medium. (sea water) where the oyster was 
kept was determined colorimetrically. The normal reaction of the sea 
water in Mutsu Bay ranges from pH 8.15 to pH 8.2. 3 liters of the 



CO 2 content vol %. 


Fig. 3. The relationship between CO 2 content and the hydrogen 
ion concentration. 
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sea water in which a oyster was kept for 24 hours showed an increase 
of acidity to pH 7.7 (Fig. 3). This slight increase of acidity notwith¬ 
standing that the oyster excretes a great amount of carbon dioxide, 
is due to the production of carbonate, thus reducing the acidity of 
the medium. 

The opening and closing movement of the oyster shell is rather 
irregular but when the oxygen content is normal, it is about six times 
per hour. If however the oxygen content reduces to 2 to 3cc. per 
liter, the frequency of shell movement is much reduced, and the time 
required for opening and closing becomes correspondingly longer. As 
is shown in Fig. 4, if the oxygen content reduced to 1 or 1.5 cc. per 
liter, the movement of the shell stops permanently. 



Fig. 4. The shell movement of the oyster in normal state. 
Ascent of curve shows closure of shell. 

Time H hours. 


2. THE RESPIRATION UNDER ABNORMAL CONDITION. 

To one side of the shell a heavy weight (5 kgs.) was hung, the 
other side was fixed horizontally in position. The oxygen consumption 
and the carbon dioxide output under such circumstances were compared 

Table 3. 


Time in 
hours 

1 O; content 
' vol % 

Os consumed ' 
vol % 

COj content 
vol % 

COs evolved 1 
( vol % j 

Respiratory 

quotient 

0 

0.658 

' i 

3.929 

j 


2 

0.423 

0.235 

4.114 

0.183 

0.780 

4 

, 0.274 

0.145 

4.225 

0.113 

0.785 

6 

0.173 

0.105 

4.369 

0.134 

1.275 

8 

0.118 

0.057 i 

4.528 

0.171 

3.000 

10 

0.089 

0.029 1 

4. G3o 

0.107 

3.689 


i 


Total weight. 

Wet tissue weight 


298 gms. 
31 gms. 
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with the normal respiration. As is shown in Table 3 and Fig. 5, the 
rate of the oxygen consumption during the abnormal respiration is 
nearly the same as that found in the normal respiration, and consumes 
at the uniform rate until it reduces to 1.8 cc. per liter, but is about 
1.3 or 1.2 times greater than that of the normal respiration. 

The respiratory quotient during the first 4 hours is smaller than 

4.7 t 1 0.8 



0 2 4 6 8 JO 

Time in hours. 

Fig. 5. CO* content and Oxygen content in the medium. 
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that of the normal respiration, owing probably to greater oxygen 
consumption necessitated physiologically by the heavy weight attached 
to the shell. After 3 or 4 hours the respiratory quotient increases 
rather suddenly, owing to a smaller oxygen consumption associated 
with a considerably greater amount of carbon dioxide output. This 
sudden increase of the carbon dioxide output just stated is probably 
an additional production of the carbon dioxide from the decompostion 
of the lactic acid. As was already stated the crystalline style seems 
somehow related to the anaerobic respiration, as my test shows its 
disappearance after exposing the oyster 3 to 4 hours in the atmosphere. 
Thus 18 hours after the experiment a disproportionally greater amount 
of the carbon dioxide eliminated for a negligibly smaller absorption 
of the oxygen might be explained that the crystalline style was utilized 
for this anaerobic respiration. Berkeley (1923) reports that guaiacum, 
which is contained in the crystalline style, is capable of oxidizing the 
products of the metabolic activity of the tissues of the animals and 
thereby playing a part in anaerobic respiration. If Berkeley’s 
hypothesis is true, the greater amount of carbon dioxide excreted by 
the oyster under extreme conditions becomes highly probable (Table 
1 and 2). It seems to me also probable that since a larger amount 
of carbon dioxide is normally found combined as carbonate in the 
blood and tissue fluid, C0 2 may in turn be produced from this source 
just mentioned if a sufficent amount of acid was produced as the 
result of heavy load. 
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Fig. 6. The shell movement of the oyster in abnormal state. 
Descent of cur\e shows closure of shell. 

Time marked per 15 minutes. 
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The adductor muscle of the oyster to which a heavy weight of 5 
kgs. was hung, ruptured in 7 or 8 hours in almost all cases. The 
movement of the shell differs from that of the oyster under normal 
condition, as is shown in Fig. 6. The oyster on which 5 kgs. are 
hung performs a complete movement of opening from 10 to 15 times 
per hour, mixed with a much wider opening of the shell occasionally. 
Even under such strain of heavy loading the shell open slowly and 
closes quickly as is the case with the normal oyster. After 5 to 6 
hours, the oyster keeps the shells open partially and never closes 
entirely, till the adductor muscle at last is severed. Faunas (1910) 
shows quite conclusively that the shortened state of the tonus muscle, 
produced for instance by a weight hung on the valves of a clam, 
calls for no greater expenditure of energy than does the unloaded 
state. Parker (1922) obtained similar results, tested on the sea 
anemone, and concluded that the respiratory activity is the largest in 
the contracting stab*. In my experiment, the shell movement under 
loading is much accelerated compared with that unloaded. If we now 
accept Parker’s view that during contraction more carbon dioxide is 
produced than at contracted, relaxed, and relaxing states, we should 
anticipate in the present experiment of heavy loading a greater 
amount of carbon dioxide excretion, since under such a condition 
frequency of the shell movement becomes greater than unloading; 
in other words, the number of the times the muscle is contracting 
and relaxing itself is greater, thus producing greater amount of carbon 
dioxide correspondingly. In fact, we obtained a greater amount of 
carbon dioxide under an abnormal condition, such as shown in the 
present experiment, and support Parker’s observation on the sea 
anemone. 

Summary. 

(1) The gaseous metabolism is accelerated under the abnormal 
condition compared with that under the normal condition. 

(2) The respiratory quotient at the earlier stage of the oyster 
on which a heavy weight was hung is smaller than that of an oyster 
without load, but the former suddenly increases over the latter after 
some hours. 

(3) The gaseous metabolism of the oyster differs at different 
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temperatures: the metabolism being diminished at both lower and 
higher temperatures than 26*C. 

(4) The rate of the oxygen consumption in the oyster is indepen¬ 
dent of the oxygen tension till its pressure is reduced to 0.1 % or 
below, and although normally in the oyster the carbon dioxide output 
is parallel to the oxygen consumption, even when the oxygen consump¬ 
tion is reduced to none, the carbon dioxide increases. 
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Studies on the Digestive Enzymes 
of Ostrea circumpicta. 

By 

Eishiro Sawano. 

(The Marine Biological Station of the Tfthoku Imperial University, 
Asamushi, Aomori-Ken, Japan.) 


Introduction 

Many investigations have been made dealing with the mode of 
feeding and physiology of digestion in molluscs, including several 
species of Lamellibranchia. Fredericq (1878) in Mya and Mytilus; 
Mitra (1901) in Anodonta ; Roaf (1908) in Peden; Dakin (1909) in 
Pecten; Yonge in Mya (1923) and in Ostrea (1926). But in all these 
reports cited the characteristic properties of the enzymes concerned 
with the digestion have not always been given, and especially that of 
the proteolytic enzyme is unsatisfactory. Yonge has recently studied 
this in detail, but very little attention was given to the protease with 
the assumption that the oyster does not feed on animal matter. 

The present work was undertaken as a part of the collaboratory 
works on the physiology of oyster carried in our Biological Institute, 
and has been carried on from July to October 1928, at the Marine 
Biological Station, Asamushi, Aomori-ken. 

I wish to express here my gratitude to Prof. Hatai for his kindness 
in revising the manuscript, and also to the late Assist. Prof. K. 
Okazaki, and Assist. Prof. S. Kokubo at the Marine Biological Station 
for their helpful suggestions. 

Experimental Data. 

DISTRIBUTION OF AMYLASE IN THE BODY 
OF OSTREA CIRCUMPICTA. 

Presence of amylase was tested with various portions of the oyster 
which were treated in the following manner: 
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(1) Blood as well as pericardial fluid was centrifuged before its 
use, so as to remove various corpuscles present in it, (2) fresh crystal¬ 
line style was dissolved in distilled water to the concentration of 2 
per cent., (3) gastric juice was diluted to 10 per cent with distilled 
water, (4) digestive diverticula, and the other tissues such as muscles, 
organs, etc. were separately ground in a mortar and extracted with 
distilled water of 3 times its weight and the extracts were used for 
the test. The results obtained are shown in Table 1. 

Table 1. 



Cryst. 

style 

Gastric 

juice 

Digest. 

div. 

Gast. 

wall 

Adduct, 

muscle 

Heart 

Blood 

Pericard. 

fluid 

Aehrom. 

80 m. 

ih. 

30 m. 

18 h. 

3 h. 

20 h. 

30 h. 

_ 

point 

Reduct. 

marked 

i 

marked 

marked 

weak 

marked 

! 

weak 

very 

weak 

negative 

Control 

negative 

trace 

weak 

trace 

trace 

trace 

negative 

negative 


The mixture of 1 cc. sample 41 cc. 1 % starch solution + 2 cc. 1 % 
NaCl was kept in a water bath at 35°C. Achromic point was deter¬ 
mined by dropping from time to time a single drop of the mixture 
into 1 cc. of acidified 0.001 N iod solution, and the time required for 
the achromic point of the mixture was noted. The reducing action 
was tested after 24 hours of digestion by Benedict’s solution. For 
the control boiled samples similarly treated were invariably set up. 
Toluol was used as the antiseptic. 


MILK CLOTTING ACTIVITY IN THE PARTS 
OF OSTREA CIRCUMPICTA. 

The milk clotting activity was tested by using calcified milk. The 
results obtained are shown in Table 2. Samples were prepared in 
the same manner as was described above. 

The mixture of 1 cc. sample 4* 1 cc. calcified milk (50 cc. milk 4-10 cc. 
N. CaCl*4-40cc. distilled water) was warmed in a water bath at 
35°C At the given time the state of the mixture was observed. 
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Table 2. 



Cryst. j 
style | 

Gast. 

juice 

Digest. 

div. 

Gast. 

wall 

Muscle | 

Heart 

Blood 

i 

, Perieard. 

. Huid 

1 hour 

' ' 1 

clot { 

clot 

clot 

i , i 

unchang'unchang- unchang¬ 
ed i cd ed 

unchang' 

ed 

! unchang¬ 
ed 

2 hs. 

not j 
resolved 

not 

res. 

not 

res. | 

clot | 

unch 

unch. 

unch. 

| unch. 

S hs. 

not , 
resolved 

i 

not 

res. 

partly 

res. 

not 

res. 

clot 

clot 

unch. 

unch. 


INFLUENCE OF pH ON THE ACTION OF AMYLASES. 

/. Optimum pH for the amylase in crystalline style . 

The optimum pH for the amylase from crystalline style was deter¬ 
mined. The method and results are shown in Table 3. 


Table 3. 

Flask 

pH of the mixture 

Glucose in per cent. 

i 

4.0 

! 0.0138 

2 

4.8 

0.0726 

3 

8.6 

, 0.1820 

4 

6.0 

0.2092 

6 1 

6.6 

, 0.1986 

6 

7.0 

0.1872 

7 

7.55 

! 0.1764 

8 I 

1 8.1 

I 0.1240 

9 

9.0 

0.0632 


To each of the mixtures of 10 cc. 2% crystalline style solution + 
25 cc. 2% NaCl was added 10 cc. of buffer solution, giving different 
degrees of pH. Altogether 9 different mixtures were prepared, and 
were incubated for 6 hours at 37-38°C. The nine different buffer 
solutions were prepared after Sorensen’s method. The pH of the 
mixed solutions was determined colorimetrically. Glucose formed was 
estimated after Pavy-Suto-Kumagawa’s method. 

//. Optimum pH for the amylase m digestive diverticula . 

In Table 4 the optimum pH for the digestion of glycogen by the 
extract of digestive diverticula is indicated. 
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Table 4. 


Flask 

pH of buffer solution 

pH of the mixture 

Glucose in per cent. 

1 

2.68 

3.70 

0.0083 

2 

4.66 

4.68 

0.0126 

a 

6.30 

6.28 

0.0986 

4 

6.90 

6.90 

0.1280 

5 

6.46 

6.46 

0.1613 

0 

6.80 

6.80 

0.1204 

7 

7.38 

7.87 

0.0967 

8 

7.91 

7.88 

0.0343 

9 

8.67 

8.64 

0.0216 

10 

9.20 

9.12 

0.0106 


To each of the mixtures of 10 cc. extract + 25 cc. 2% glycogen4* 
5cc. 2% NaCl was added 10 cc. of varying buffer solutions, giving 
10 different values of pH, and were incubated in a warm water bath 
for 12 hours at 37-38°C. Buffer solutions were prepared after 
SSrensen’s method and the value was determined colorimetrically 
after mixing the solutions. Glucose was estimated after Pavy-Suto- 
Kumagawa’s method. 

INFLUENCE OF pH ON THE PROTEASE OF 
THE DIGESTIVE DIVERTICULA. 

/. Casein digestion . 

The influence of pH on the digestion of casein by the water extract 
of digestive diverticula was investigated and the results obtained are 
shown in Table 5. 


Table 5. 


Flask 

pH of buffer solution 

pH of the mixture 

Nitrogen found in 

2 it. mixture, in mg. 

1 

1.93 

2.6 

0.862 

2 

2.97 ! 

3.7 

0.460 

3 

3.69 

4.0 

0.601 

4 

4.16 

4.3 

0.480 

5 

6.04 

4.9 

0.426 

6 

6.08 

6.8 

0.396 

7 

6.37 

6.1 

0.873 

8 

6.80 

6.66 

0.482 

9 

7.66 

7.3 

0.446 

10 

8.88 

8.6 

0.461 

11 

9.12 

8.8 

0.488 

12 

! 

9.40 

9.0 

0.417 
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To each of the mixtures of 10 cc. enzyme+30 cc. 3% casein solution 
in NaOH giving pH 7 was added 10 cc. of buffer solutions giving 
varying values of pH, and altogether mixing the solutions the pH of 
the mixtures were estimated colorimetrically. A little toluol was added 
to the mixtures. After 24 hours* digestion the amino nitrogen was 
estimated by Van Slyke*s method. 

II. Gelatine digestion . 

The influence of pH on the gelatine digestion has been studied 
and the results obtained are shown in Table 6. 


Table 6. 


Flask 

pH of buffer solution 

pH of the mixture 

Amino nitrogen in 
milligram in 2 or. 


' 


of the mixture 

1 

2.27 

2.8 

0.280 

2 

3.25 

3.4 

0.476 

3 

3.95 

4.1 

0.623 

4 

4.95 

5.0 

0.601 

5 

5.90 

5.8 

0.481 

6 

6.47 

6.3 

0.483 

7 

7.20 

7.0 

0.492 

8 

7.73 

7.5 

0.619 

9 

8.35 

8.0 

0.536 

10 

8.80 

8.5 

0.634 

11 

9.89 

9.0 

0.480 

12 

10.21 

9.8 

0.436 


To each of the mixtures of 5cc. enzyme +10 cc. 25% gelatine 
was added 10 cc. of buffer solution of varying value. After mixing 
the solutions, pH of the mixture was estimated colorimetrically. After 
being incubated for 36 hours at 37~38°C, amino nitrogen was estimated 
after Van Slyke’s method. 

DEMONSTRATION OF BUTYRASK IN CRYSTALLINE STYLE. 

To each of 5 test tubes which are labelled A, B, C, D and E 
were added the solutions as in the manner shown in Table 7. To A, 
B, C and D were added brom cresol purple and to E brom cresol 
green as the indicator. The reaction was observed from time to time. 
The results obtained are shown in Table 7. 

The falling of the pH in A and E may have been caused by the 
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Table 7. 


Test 

Satura¬ 
ted try¬ 
butyrin 

2* ! 

1 Cryst. | Water 

1 style 

Period of digestion 

tube 

0 m. 

1 m. 

6 ra. 

16 m. 

60 m. 

4 h. 

A 

2 cc. 

j 1 cc. | — 

6.36 

6.0 

6.7 

6.4 

— 

— 

B 

2 cc. 

! !<•<■• j — 

j(l wiled )| 

6.36 

6.35 

6.86 

6.3 

6.8 

6.3 

C 

— 

j 1 cc. ! 2 cc. 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

D 

2 cc. 

— , lcc. 

6.36 

6.36 

6.86 

6.36 

6.36 

6.8 

E 

2 cc. : 

: 1 cc. i — 

— 

— 

— 

5.4 

4.8 

4.5 


formation of butyric acid from the trybutyrin in the presence of 
butyrase. 


Discussson of the Results. 

The presence of amylase in crystalline style was first demonstrated 
by Coupin in Cardium (1900, cited by Yonge). Both Mitra (1901) 
and Nelson (1918) in Anodonta, and Yonge in Mya also demonstrated 
its presence in the crystalline style. Recently Yonge (1926) studied 
in detail the nature of the amylase from the crystalline style of Oslrea 
cdulis, and determined the optimum pH at 5.9. In my experiment, 
as is shown in Table 3, the optimum pH for the amylase from the 
crystalline style of Ostrea circumpkta is 6.0. These results practically 
agree with that of Ostrea edulis found by Yonge. In the case of 
amylase from digestive diverticula Yonge pointed out the optimum 
pH to he at 5.5 which is somewhat lower than that found in the 
crystalline style. On the contrary, in my experiment I found the 
optimum pH of glycogen digestion to be 6.4, that being slightly higher 
than that found in the crystalline style. It is diflicult to understand 
the causes of the discrepancy between the results just mentioned, but 
it may be due to the difference of the substrate used, that is, starch 
by Yonge and glycogen by the present writer. What is more im¬ 
portant in this research is the presence of butyrase and calcified milk 
clotting activity in the crystalline style, as is shown in Tables 2 and 7. 
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Summary. 

1. The distributions of amylase and milk clotting enzyme in the 
body of Ostrea circumpida were determined. 

2. Several enzymes were detected in the crystalline style, in gastric 
juice and in the extract of digestive diverticula. 

3. The optimum pH for the amylase from crystalline style is 6.0 
and for that from digestive diverticula is 6.4. 

4. Milk clotting enzyme and butyrase are demonstrated in the 
crystalline style. 

5. The optimal pH for protease obtained from digestive divert cula 
for the digestion of gelatine and casein wen* investigated. The optimal 
pH for casein digestion is 4.0 and 8.5 and that for gelatine digestion 
is 4.1 and 8-8.5. 
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Statistical Study on Caudina chilensis (J. Muller). 1 ) 


Bv 

Toshihiko Yamanouchi. 

(Zoological Laboratory, College of Science, Ky6to Imperial University). 

1. The body weight and the body length. 

2. The body length. 

3. The body weight and the integument. 

4. The body weight and the content of the alimentary canal. 

The relation between the body length and the mass of the body 
is discussed in detail by Przihram (1922 pp. 42-49); he proposed 
the formula y=k.^x (where y represents the length in cms., x the 
weight or the volume) as generally applicable for representing the 
above relation. Crozier (1916) gave the function representing the 
relation between the weight and the length in Stichopus moebii , such 
that 

Weight in grams = (0.034 ±) x (length in cms) 1 
and stated that such a type of relation is also true for other species. 
Recently Nomura (1928) found in the bivalve Cythera (Meretrix ) the 
formula w=ka? M where w denotes the body weight, a the height of 
the shell, and k the constant, as one case of the general formula 
w~ka' (where x is specific constant) proposed by him. 

The specimens used in this study were collected at Moura and at 
Kugurisaka near the Marine Biological Station. The body length 
was meassured with a divider and read to millimeters, and the body 
weight with a balance sensitive to 1 centigram. In the following 
tables, the mean values were calculated from the correlation tables 
made from the observed values. 

1. THE BODY WEIGHT AND THE BODY LENGTH. 

In the computation of the measured numbers, the contents of the 
alimentary canal, composed of ingested sand, are of great importance. 

15 A contribution from the Marine Biological Station, Asamushi, Aomori-Ken. 
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The weight of the content sometimes reaches 50 % of the total body 
weight. The contents of the alimentary canal of freshly collected 
animals were more than 25 % ± of the total body weight, but this 
content decreases gradually by continual egestion when the animal 
is brought out of the sand. For this reason the relation between the 
body weight and the body length was considered in two ways, first 
with the total body weight (the body weight with sand) and secondly 
with the body weight without sand. 

a) The body weight with sand (Ws) and the body length (L). The 


Table 1. 

Body weight with sand and body length. 159 animals. 


Body weight 


Average body 

Body length 


with sand 

Number of 

length observed 

calculated 

L- V 

in cms. 

Ws 

animals 

L 

L' 


in grams 


in cms. 

in cms. 

3.1 

18 

' 4.18 

4.49, 


-0.31 

6.5 

8 

5.44 

6.75 


-0.31 

9.9 

6 

7.15 

6.61 


+0.54 

13.3 

5 

6.80 

7.30 


-0.60 

16.7 

10 

8.10 

7.87 

•a) 

+0.23 

20.1 

6 

7.90 

8.39 

-0.49 

23.6 

5 

9.60 

8.82 


+0.78 

20.9 

6 

9.50 

9.23 


+0.27 

30 3 

2 

8.90 

ft . 60 J 


—0.70 

33.7 

10 

11.50 

IL.OO’i 


-0.10 

37.1 

5 

11.80 

11.97 


-0.17 

40.5 

6 

12.48 

12.33 


+0.16 

43.9 

8 

11.96 

12.66 


-0.70 

47.3 

8 

L3.36 

12.98 


1 +0.37 

60.7 | 

9 

13.73 

13.29 


+0.44 

54.1 | 

10 

13.65 

13.68 


+0.07 

57.6 

9 

13.84 

13.86 

| 

! -0.02 

60.9 | 

3 

13.40 

14.12 

,(2) 

-0.72 

64.3 

1 8 

13.59 

14.38 

-0.79 

67.7 

5 

14.60 

14.63 


-0.03 

71.1 

i 3 

14.90 

14.87 


+0.03 

74.6 

3 

16.40 

15.11 


+0.29 

77.9 

3 

15.40 

16.33 


+0.07 

81.3 

2 

15.40 

16.55 


-0.15 

84.7 

! 1 

15.90 

16.77 


+0.13 

88.1 

1 

16.40 

15.97 


—0.67 

91.6 

1 

, 15.40 

16.18 J 

i 

-0.78 


(1) Calculated from £,^(3.336—0.265) 

(2) Calculated from (3.386+0.266) Wa* 
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formula for determining the body length for a given body weight is 
as follows: 

L— (3.335 =F 0.255) .(1) 

where L is body length in cms. and Ws body weight with sand in 
grams, and for the animals of 0-32.00 grams the upper sign, and for 
the animals of more than 32.01 grams, the lower sign should be 


taken, or 

L—3.08 .(2) 

L—3.59 WV .(3) 


The observed and the calculated value's are plotted in text figure l 
(Table 1). 



Fig. 1. The ordinate indicates the body length and the abscissa the body 
weight with sand. The full line indicates the calculated value and the dotted 
line the observed value. 
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b) The body weight without sand (MO and the body length (L). From 
the total body weight the weight of the content in the alimentary 
canal was subtracted and the remaining weight was designated as the 
body weight without sand. From the data given in Table 2, the 
relation of L to the given body weight is expressed by the following 
equation: 

L=(3.70-F 0.28) M^ .(4) 


Table 2. 


Body weight without sand and body length. 273 animals. 


Body weight 

• 

Average body 

Body length 

Difference 

L — // 
in cms. 

without sand 

Number of 

i length observed 

calculated 

W 

animals 

i L 

U 


in grams 


, in cms. 

in cms. 

2.1 

! 33 

4.06 

4.38] 


-0.38 

4.7 

20 

| 6.07 

6.78 

In) 

+0.34 

7.3 

11 

1 6.86 

6.63 

+0.22 

9.9 

19 

i 7.61 | 

7.34 


+0.27 

12.6 

11 

8.31 

7.94 J 


+0.37 

16.1 

6 

; 9.90 1 

9.84] 


+0.06 

17.7 

18 

, 10.04 

10.38 


-0.34 

20.3 

10 

11.20 

L0.87 


+0.33 

22.9 

9 

11.67 

It.31 


+0.26 

25.6 

12 

1 11.98 ! 

11.72 


+0.26 

28.1 

13 

12.44 

12.11 


+0.33 

30.7 

16 

1 12.62 1 

12.47 


+0.16 

33.3 

i 19 

; 13.08 

12.81 


+0.27 

36.9 

I IK 

13.26 i 

13.14 

(2) ' 

+0.11 

38.6 

17 

13.19 

13.46 

-0.26 

41.1 

1 14 

13.33 

13.75 


-0.42 

43.7 

8 

13.46 

14.03 


-0.57 

46.3 

6 

14.07 

14.30 


-0.23 

48.9 

6 

; 14.67 

14.67 


0.00 

61.6 

5 

14.60 

14.82 


—0.22 

64.1 

2 

16.40 

15.06 


+0.34 

69.3 

3 

16.67 

16.63 


+0.04 

64.6 

1 

16.40 

16.97 


-0.67 

67.1 

1 

. 16.40 ( 

16.19J 

1 

-0.79 


(1) Calculated from (3.70-0.28) W * 

(2) Calculated from £=-(3.70+ 0.28) IV' 11 


where L is body length in cms. and W body weight without sand in 
grams, and for the animals of 0—13.30 the upper sign, and for the 
animals of more than 13.31, the lower sign should be taken. 
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Fig. 2. The ordinate indicates the body length, the ahscissu the body 
weight without sand. 

c) The body weight without sand (W) and the lengths of the trunk 
( Ltr) and the tail (Lta ). The posterior part of the body with well 
developed cloacal muscles is called the tail and the remaining anterior 
part the trunk. The lengths of the trunk and the tail for the given 
body weight (Tables 3, 4) are determined by the equations: 


Ltr— (2.38 =T- 0.10) W “ .(5) 

Lta ~ (1.34-7 0.17) .(6) 


where Ltr and Lta are trunk and tail lengths in cms. and W body 
weight without sand in grams; for th< mimals of 0-13.30 grams the 
upper sign, and for the animals of more than 13.31 grams the lower 
sign should be taken. The observed and the calculated values are 
plotted in figure 2. 
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Table 3. 


Body weight without sand and the length of the trunk. 274 animals. 


Body weight 


Trunk length 

Trunk, length 

Difference 

Ltr — Ltr' 
in cms. 

without sand 

Number of 

observed 

calculated 

W 

animals 

Ltr 

Ltr' 

in grams 


in ems. 

in cms. 

2.1 

33 

2.78 

2.921 


-0.14 

4.7 

20 

4.01 

3.84 

a) 

+0.17 

7.3 

J1 

4.64 

4.42 

+0.23 

9.9 

18 

4.93 

4.90 


+0.03 

12 . 6 

11 

5.31 

5.29 J 


+0.02 

15.1 

6 

6.16 

6.121 


+0.03 

17.7 

18 

6.28 

6.46 


-0.18 

20.3 

11 

7.15 

6.77 


+0.88 

22 .fi 

9 

7.07 

7.04 


+0.03 

25.5 

12 

7.53 

7.30 


+0.23 

28.1 

13 

7.77 

7.54 


+0.23 

30.7 

16 

7.87 ! 

7.77 


+0.12 

33.3 

19 

8.19 ; 

7.98 


+0.21 

35.9 

14 | 

8.14 

8.19 


-0.05 

38.5 

17 1 

8.29 

8.37 

(2) 

-0.08 

41.1 

14 | 

8.18 i 

8.56 

! -0.38 

43.7 

8 ! 

8.36 I 

8.73 


: -0.37 

40.3 

6 ! 

8.76 | 

8.91 


! -0.16 

48.9 

6 ! 

8.80 

9.07 


-0.27 

51.5 

5 1 

9.00 

9.23 


-0.23 

54.1 

2 

9.30 

9.38 


-0.08 

59.3 

3 1 

9.90 

9.67 


' +0.23 

64.6 

l | 

9.90 

9.96 


-0.05 

67.1 

1 ! 

9.30 

10.08. 


-0.78 


(1) Calculated by Ur=(2.E8-0.10) W* 

(2) Calculated by /Jr- (2.88+0.10) W* 


Table 4. 


Body weight without sand and the length of the tail. 272 animals. 


Body weight 
without sand 
W 

in grams 

Number of 
animals 

Tail length 
observed 

Lta 

in cms. 

Tail length j 
calculated 1 

Lta' : 

in cms. 

Difference 

Lta — Lta' 
in cms. 

2.1 

33 

1 1.35 

i.6ot ; 

-0.16 

4.7 

20 1 

2.16 

1.961 1 

+0.19 

7.3 

11 ! 

2.26 

2.27 }(1) , 

-0.01 

9.9 

! 18 

3.60 

2.61 

+0.C9 

12.6 

11 | 

2.95 

2.71' 

+0.24 


(1) Calculated by Lta= (1.34-0.17) W* 
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Body weight 
without sand 

Number of 

Tad length 
observed 

| Tail length 

1 calculated 

Difference 

1 Lta — Lta' 

W 

animals 

Lta 

Lta? 

in grams 

' 


in cms. 

1 in cms. 

in cms. 

; 

16.1 

6 

3.90 

i 3.721 


+0.18 

17.7 

18 

3.81 

! 3.93 


-0.12 

20.3 

10 

4.16 

4.12 


+0.04 

22.9 

9 

4.52 

4.29 

1 

1 

+0.23 

26.6 

12 

4.66 

4.44 


+0.11 

28.1 

13 

4.73 

4.59 


+0.14 

30.7 

16 

4.76 

4.73 


; + 0.03 

83.3 

19 

4.82 

4.86 


; - 0.04 

36.9 

13 

6.12 

4.99 


! +0.13 

38.6 

17 

4.84 

6.10 

(2) 

-0.26 

41.1 

14 

5.29 

5.21 

+ 0.08 

43.7 

8 

6.10 

5.32 


| -0.22 

46.3 

6 

5.23 

6.42 


1 -0.19 

48.9 

6 

6.77 

6.62 


| +0.26 

61.6 

6 

6.64 

6.62 


-0.08 

64.1 

»» 

6.70 

6.71 


-0.01 

69.3 

3 

5.40 

6.89 


-0.49 

64.6 

1 

5.60 

6.06 


-0.66 

67.1 

1 

6.90 

6.14J 


-0.24 


(2) Calculated by Lta- (1.34+0.17; W* 

2. THE BODY LENGTH. 

The ratio of the trunk length to the tail length is not the same 
in all animals. In Table 5 the corresponding lengths of the trunk and 

Table 5. 

Correlation of the body length and the lengths of the trunk and 
the tad. Number of animals 274. 


Total body 

Number of 

1 

! Trunk length 

Tail length 

Trunk 

length in cms. 

animals 

* 

in cms. , 

in cms. 

Trunk+Tail 

3.6 

17 

2.40 

1.12 

68.2 

4.6 

14 

3.14 

1.43 

C 8.7 

6.6 

11 

3.66 

1.84 

66.9 

6.5 

18 

4.31 

2.20 

66.2 

7.6 

J7 

4.89 i 

2.60 

66.3 

8.5 

18 

6.44 

2.95 

64.8 

9.6 

12 

I 6.03 

3.46 

63.6 

10.6 

21 

1 6.41 

4.10 

61.0 

11.6 

28 

6.96 

4.44 

61.1 

12.6 

39 

7.76 

4.78 

62.1 

18.6 

34 

8.46 ! 

4.97 

63.0 

14.6 

26 

9.12 

6.29 

63.3 

16.6 

18 

9.70 | 

6.68 

63.1 

16.6 

2 

! 10.20 1 

6.20 

62.2 
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the tail are averaged for the given total body length, and in figure 3 
the percentage ratio of the trunk and the tail to the total body length 
is plotted from Table 5. 



cms 6 10 15 


Fig. 3. 'Hie abscissa indicates the total body length and the ordinate the 
percentage ratio of the trunk and the tail. 

With the growth of the body, the relative length of the trunk de¬ 
creased gradually, reaching the minimum at the total length of 
10.5 cms., and from this point again increased to the limit of the 
growth. 


3. THE BODY WEIGHT AND THE INTEGUMENT. 

The integument means, in this paper, the whole body wall, that 
is, all of the body except the body fluid, the ivisceral organ, and 
the calcareous ring. After finding the body weight, the integument 
was isolated and weighed to centigrams. The body weight without 
sand for the given weight of the fresh integument is determined by 
the following equation, 

W=4.69 /+1.40.(7) 

where W is the body weight without sand in grams and / the fresh 
weight of the integument in grams (Table 6, Fig. 4). 
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Table 6. 


Body weight without sand and the fresh integument. 246 animals. 


Fresh 

integument 

/ 

Number of 
animals 

Body weight 
without sand 
observed 

w 

in grams 

Body weight 
calculated* 

W / 

Difference 

W -IV' 

in grams 

in grams 

in grams 

0.6 

22 

4.05 

4.21 

-0.16 

1.6 

26 

n.48 

8.90 

+2.68 

2.6 

11 

14.66 

13.59 

+0.96 

8.6 

18 

16.63 

18.28 

-2.76 

4.6 

13 

28.46 

22.97 

+0.48 

6.6 

26 

27.-01 

27.66 

-0.66 

6.6 

61 

83.01 

82.85 

+0.66 

7.6 

34 

36.82 

87.04 

-0.22 

8.6 

28 

42.67 

41.73 

+0.84 

9.6 

12 

48.96 

46.42 

+2.63 

10.6 

6 

60.00 

51.11 

-1.11 

11.6 

8 

63.60 

66.80 

-2.30 

13.6 

1 

57.70 ! 

65.18 

-7.48 




344 


T. YAMANOUCHI 


For animals of less than 20 grams the equation is not strictly appli¬ 
cable, owing to the rapid change in the growth of the integument. 

4. THE BODY WEIGHT AND THE CONTENT OF 
THE ALIMENTARY CANAL. 

The ingested sand was removed from the alimentary canal of the 
freshly collected animals and weighed after the water was removed 
by filter paper as well as possible. The weight of the sand for the 
given total body weight is determined by the equation, 

S=0.3217 Ws+1.18 .(8) 

where S is the sand, and IFs the body weight with sand, both ex¬ 
pressed in grams (Table 7, Fig 5). 


Table 7. 


Body weight with sand, and sand in the alimentary canal. 212 animals. 


Body weight 


Sand 

Sand 

Difference 

S — S' 
in grams 

with sand 

Wa 

Number of 
animals 

observed 

S 

calculated* 

S' 

in grams 


in grams 

in grams 

4.66 

27 

1.75 

2.65 

-0.90 

10.76 

14 

4.31 

4.64 

—0.&3 

16.96 

16 

6.45 

6.64 

—0.19 

28.16 

12 

7.96 

8.63 

-0.68 

29.36 

11 

11.63 

10.63 

+ 1.00 

35.66 

21 

13.55 

12.62 

+0.93 

41.76 

17 

16.68 

14.61 

+1.07 

47.96 

22 

16.99 

16.61 

+0.88 

64.16 

24 

19.28 

18.60 

+0.68 

60.36 

17 

19.69 

20.60 

-0.91 

66.56 

13 

23.30 

22.59 

+0.89 

72.76 

8 

25.21 

24.69 

+0.62 

78.96 

4 

23.46 

26.68 

-3.13 

86.16 

6 

26.85 

28.68 

-2.73 

91.36 

1 

25.46 

30.68 

—6.13 


♦Calculated from 5=0.3217 Ws+1.18 


From figure 5, it follows that in the animals above 70 grams the 
content of the sand decreases more than as expected from the body 
weight. In Fig. 10 is plotted the sand content for the given body 
weight without sand. 
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5. GENERAL REMARKS. 

Notwithstanding the diverse changes in the body length owing to 
the various internal and external conditions, the relation between the 
body weight and the length of the body or part of it is determined 
by the simple formula L= k* V' W under the condition that the animal 
is brought out of the sand and is in the definite tonic contraction of 

all the body musculatures. Transforming the equation (2) L=3.08 Ws 3 , 


we have 

W?-0.03422L 3 .(9) 

which is nothing but the equation 10 — (0.034 ±)P given by Crozier 
in Stichopus as previously mentioned. 

(3.70 *0.28) (4) 

Ltr— (2.38 T 0.10) (5) 

Lta = (1.34 * 0.17) (6) 

when (5) H(6), we have L—Ltr + Lta= (3.72 * 0.27) W®.(10) 


which is almost equal to the equation (4). Nomura (1923 p. 113) 
found also such a relation among the constants in Cythera. 

A sudden increase in length occurred about 30 grams (Fig. 1) 
and between 10 and 20 grams (Fig. 2). Such discontinuity seems to 
be dependent upon the change in growth rate; and the discrepancy 
is greater in the tail than in the trunk, as is clearly indicated by the 
constant in (5) and in (6). The relative length of the tail to the 
trunk increased with the increase of the total length and reached the 
maximal ratio at 10.5 cms. of the body length, which corresponds to 
the length at which the discontinuity occurred (Figs. 1, 2, 3). The 
fresh weight of the integument increased with acceleration in the 
animals below 15 grams and reached the maximum at 15.5 grams 
(without sand). From these facts, it may well be supposed that some 
changes in growth rate and also in general metabolism occurred in 
the animals of about 30 grams (with sand) or of 10-20 grams (without 
sand). In the older animals, the content of the alimentary canal 
decreases parallel to the regressive activity (Fig. 5, 6). 
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6. SUMMARY. 

1. When the animal is brought into the air, we can measure the 
body length under the same conditions (under the conditions that the 
animal has practically the same physiological length ). The body length 
or its parts are expressed for the given body weight without sand 
by the equation, 

L=kW^ 

where L is body length in cms., W body weight without sand in grams 
and k the constant; for the given body weight with sand by the 
equation, 

L—kWs* 

where Ws is body weight with sand in grams, and L total body 
length in cms. 

2. The relative length of the tail to the trunk becomes maximal 
at the total body length of 10.5 cms. 

3. The relation of the body weight for the given weight of fresh 
integument is expressed by 

W=kl+k r 

where I is the fresh weight of integument in grams and A, A' the 
constants. 

4. The contents of the alimentary canal are chiefly composed of 
ingested sand. We can calculate approximately this sand content 
from the body weight by the equation 

where S is sand content in grams. The sand content decreases in 
the older animals in comparison with the younger animals. 

I desire to express my indebtness to Prof. Hatai for his kind 
direction and encouragement. I am also indebted to Prof. E. Nomijua 
for his kindness in giving me valuable criticism. 
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Table 8. 

Body weight and body length. 
Specimens collected at Moura in 1920. 
* denotes specimens collected at Kugurisaka in 1927. 
Ws : body weight with sand in grams. 

L : body length in cms. 


Ws 

L 

Ws 

L 

Ws 

L 

Ws 

L 

1.46 

3.9* 

16.76 

7.2 

39.26 

13.2 


14.9 



16.12 

7.6 



66.70 

13.1 

1.66 

3.9* 

16.14 

9.0 

41.20 

12.6 

66.89 

12.0 

1.82 

3.7* 

17.14 

7.9 

41.70 

10.0 

67.37 

13.1 

1.91 

3.8* 

17.80 

8.1 

41.86 

12.7 


16.7 

2.00 

3.7* 

IS.12 

7.1 

43.06 

11.0 

68.13 

13.3 

2.67 

3.6* 

10.74 

6.5 

43.64 

11.8 

58.77 

13.0 

2.63 

3.6* 

19.96 

8.4 

43.51 


69.14 

14.8 

2.74 

3.6* 



44.17 

12.6 


14.7 

2.86 

4.2* 

20.37 

7.3 

44.89 

12.8 



V oo 

• *I<U 

4.3* 



45.19 

12.9 

61.07 

13.1 

3.36 

4.2* 


■ 

46.60 

12.8 

62.10 

12.7 

3.36 

4.1* 

KStlfSB 

■ 

46.73 

11.1 

63.77 

13.0 

3.49 

4.2* 

fl 

mmm 


13.6 

64.04 

12.5 

3.70 

6.4 

24.66 

9.3 


13.7 


14.7 

3.86 

6.6 

24.86 

9.8 

47.17 

12.6 

64.16 

12.7 

4.17 

6.1* 

26.18 

10.5 

47.84 

12.4 

64.89 

14.9 

4.18 

6.1* 

16.23 

10.2 


12.6 

66.27 

14.0 

4.84 

4.7* 

26.94 

9.8 

48.11 

16.6 


16.1 

6.29 

4.9 

27.43 

8.8 

48.29 

14.1 

66.94 

11.6 

6.64 

4.8* 

28.00 

8.3 


12.6 

66.26 

14.7 

6.67 

6.7 

28.57 

10.9 

49.50 

13.5 

66.82 

16.1 

6.48 

6.6 






12.5 

7.26 

6.2 

30.46 

9.3 

wzum 

12.3 

67.74 

16.0 

7.29 

6.3 

30.60 

8.7 

B 

13.7 

68.67 

14.2 

7.82 

7.1 

82.06 

12.0 

B»l 

13.6 



8.44 

7.0 

32.60 

10.2 

50.64 

15.8 

70.91 

15.2 

9.39 

7.4 

33.30 


62.14 

14.2 


16.7 

9.89 

6.0 

83.77 

t 

62.29 


72.61 

18.9 

9.90 

6.8 

33.83 


52.3* 

13.2 

73.66 

14.6 



34.00 


62.37 

14.8 

76.44 

16.5 

10.60 

7.9 

34.29 


62.61 

14.7 

76.86 

16.0 

11.43 

7.3 

34.32 

■ J tWm 

53.36 

13.9 

76.62 

16.0 

11.62 

6.6 

34.86 

11.1 

63.46 

12.1 

76.66 

15.3 

11.81 

7.6 

35.15 

13.2 

53.71 

13.3 

76.71 

15.2 

11.88 

6.5 

36.67 

i* iffff 

53.75 

13.7 



13.87 

6.6 

36.69 


64.00 

13.6 

82.70 

16.2 

14.78 

7.3 

37.41 

B 

64.61 

13.6 

82.79 

16.0 

16*11 

7.9 

37.93 

B 


13.8 

86.19 

16.9 

16.26 

8.7 

38.30 

12.6 

64.79 

14.1 

86.66 

15.4 

15.49 

8.2 

38.90 



14.4 



16.63 

8.0 

39.19 



13.9 

93.01 

15.1 
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Table 9. 

Body weight and body length. 
Specimens collected at Moura in 1927. 
* denotes specimens collected at Kugurisaka in 1927. 

W : body weight without sand in grams. 

L : body length in cms. 


w 

L 

W 

L 

W 

L 

W 

L 

W 

L 

0.86 

3.0* 



12.52 

8.4 

24.01 

11.1 

32.22 

14.9 

1.00 

3.7* 

6.02 

6.8 

12.58 

8.6 

24.07 

13.6 

32.28 

13.7 

1.01 

3.9* 

6.07 

6.6 

13.29 

8.3 

24.15 

10.6 

32.42 

14.8 

1.05 

3.1* 

5.16 

7.9 

13.48 

6.5 

34.62 

11.4 

32.56 

13.9 

1.00 

3.6* 

6.60 

5.1 

14.40 

8.9 



32.87 

14.3 

1.00 

3. it* 

6.63 

6.0 

14.92 

10.6 

26.08 

11.2 

32.91 

11.7 

1.21 

3.1* 

6.63 

7.0 

14.96 

10.9 

25.20 

11.5 

33.04 

11.0 

1.22 

3.8* 

6.74 

6.9 



25.96 

12.6 

33.20 

13.6 

1.24 

3.6* 

6.01 

6.6 

16.67 

9.3 

26.03 

12.6 

33.57 

14.1 

1.28 

3.7 

6.28 

6.0 

16.16 

10.6 

26.10 

12.7 

33.68 

12.0 

1.33 

3.7* 

6.52 

7.4 

16.20 

9.2 

26.16 

10.6 

33.67 

14.1 

1.42 

3.6* 

6.76 

7.2 

16.44 

10.3 

26.25 

11.6 

33.95 

12.9 

1.60 

4.1* 

7.23 

6.7 

10.65 

9.2 

26.31 

12.5 

34.08 

12.4 

1.63 

3.2* 

7.65 

7.3 

10.77 

9.3 

26.69 

12.0 

34.19 

13.3 

1.64 

4.2* 

7.67 

6.9 

16.63 

8.3 

26.60 

13.6 

34.21 

13.0 

1.00 

3.2* 

7.74 

6.5 

17.04 

9.3 

26.76 

1^.4 

34.22 

13.2 

1.01 

8.8* 

8.00 

6.6 

17.19 

9.8 

27.09 

9.4 

34.24 

11.9 

1.68 

3.5* 

8.24 

7.6 

17.18 

10.1 

27.62 

13.6 

34.34 

11.0 

1.68 

4.2* 

8.43 

8.2 

17.47 

10.4 

27.76 

11.6 

34.39 

11.7 

1.68 

4.2* 

8.84 

8.0 

17.49 

10.2 

28.06 

10.0 

34.77 

12.0 

1.86 

4.2* 

8.84 

7.6 

17.63 

10.7 

28.16 

13.7 



1.91 

4.2* 

8.86 

7.9 

17.88 

10.9 

28.41 

11.8 

36.01 

15.6 

1.99 

3.9* 

8.93 

7.3 

17.97 

9.7 

28.62 

14.4 

35.05 

12.5 

2.11 

4.1 

8.97 

8.7 

18.49 

9.7 

28.64 

12.6 

35.06 

13.9 

2 32 

6.1* 

9.18 

6.5 

18.61 

9.8 

28.75 

12.9 

36.29 

11.7 

2.37 

5.1* 

9.21 

9.0 

18.68 

11.1 

28.97 

12.2 

36.69 

13.1 

2.64 

4.3 

9.31 

6.6 

18.70 

10.2 

29.04 

13.6 

35.94 

13.4 

2.85 

4.7* 

9.36 

7.1 

16.92 

8.8 

29.22 

11.1 

36.00 

12.3 

2.88 

6.0 

9.66 

6.4 

18.97 

13.2 

29.24 

16.8 

36.08 

13.0 

2.89 

4.6* 

9.85 

7.2 

19.06 

10.4 

29.40 

14.1 

36.20 

13.2 

2.99 

5.4 



19.13 

11.1 

29.42 

11.6 

36.33 

14.9 

3.28 

4.8* 

10.01 

7.6 

19.18 

10.3 

29.48 

13.8 

36.67 

12.6 

3.29 

6.6 

10.13 

8.1 

19.66 

10.3 

29.73 

11.1 

37.02 

13.5 

3.47 

6.6 

10.14 

7.5 



29.87 

12.8 

37.20 

12.3 

3.68 

4.9 

10.30 

8.1 

20.22 

8.7 

29.88 

12-9 

37.29 

13.4 

3.82 

6.6 

10.71 

7.2 

20.27 

12.0 



37.33 

12.4 

3.87 

4.5 

10.71 

7.2 

20.92 

12.2 

30.25 

11.6 

37.83 

12.8 

4.03 

6.3 

10.53 

7.9 

21.01 

11.3 

30.30 

14.8 

37.99 

12.9 

4.06 

4.5 

10.86 

7.3 

21.08 

14.0 

30.51 

14.7 

36.10 

13.6 

4.10 

6.7 

11.36 

8.3 

21.19 

10.9 

31.03 

12.1 

88.31 

14.2 

4.13 

5.2 

11.60 

8.7 

21.89 

12.1 

31.43 

9.4 

38.42 

13.0 

4.29 

7.1 

11.66 

8.4 

22.06 

13.3 i 

31.60 

13.7 

38.43 

16.1 

4.65 

6.2 

12.20 

8.1 

22.15 

11.i 

31.74 

13.0 

38.45 

13.0 

4.63 

6.3 

12.23 

9.3 

22.74 

10.7 

31.78 

13.3 

88.82 

14.2 

4.65 

6.7 

12.41 

8.0 

23.81 

10.2 

31.90 

10.6 

39.07 

14.1 

4.77 

5.8 

12.46 

8.5 

23.80 

10.9 

31.91 

13.6 

89.10 

11.6 
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w 

L 

w 

L 

W 

L 

W 

L 

W 

L 

39.12 

12.2 

41.41 

14.7 

43.46 

13.3 

47.96 

13.7 

61.36 

18.6 

39.16 

13.1 

41.46 

12.4 

48.77 

11.7 

48.02 

14.2 

63.62 


39.39 

12.3 

41.06 

14.4 

44.39 

13.9 

48.16 

16.6 

64.32 

16.3 

39.68 

12.3 

41.61 

14.9 

44.98 

ILKA 

48.31 

13.9 



39.86 

12.7 

41.90 

12.6 



49.63 

16.1 

68.02 

16.9 

39.92 

12.7 

42.16 

14.2 


16.7 

49,67 

14.6 

68.20 




42.19 

13.6 

46.32 

11.6 



68.33 

16.2 

40.10 

18.7 

42.40 

12.7 


16.2 

60.22 

14.6 



40.20 

11.8 

42.70 

14.6 

46.26 

16.1 

60.68 

mlnm 

63.34 

16.4 

40.40 

16.7 

42.9C 

13.1 

46.36 

16.0 

60.77 

14.6 



40.46 

12.6 

48.38 

12.6 

47.18 

11.3 

60.89 

16.2 

67.27 

16.1 

41.26 

12.9 










Table 10. 

Body length. 

Specimens collected at Moura in 1926. 
* denotes specimens collected at Kugurisaka in 1927. 
Ltr : trunk length in cms. 

Lta : tail length in cms. 

L : total body length (Ltr Lta) in eras. 


Ltr 

Lta 

L 

Ltr 

Lta 

L 

Ltr 

Lta 

L 

Ltr 

Lta 

L 

2.0 

1.0 


8.0 

1.6 

4.6* 

4.1 

2.6 

6.6 

6.1 

3.0 

8.1 

2.1 

1.0 


3.0 

1.7 

4.7* 

4.1 

2.6 

6.7 

6.2 

2.9 

8.1 

2.0 

1.1 

mmUt 

3.2 

1.6 

4.8* 

4.4 

2.4 

6.6 

6.0 

3.1 

8.1 

2.0 

1.2 

■ [tj 

3.6 

1.4 

4.9 

4.1 

2.6 

6.7 

6.4 

2.8 

8.2 

2.3 

0.9 

3.2* 




4.6 

2.2 

6.8 

6.6 

2.7 

8.3 

2.5 

1.0 

3.6* 

3.2 

1.9 

6.1 

4.2 

2.7 

6.9 

6.7 

2.6 

8.3 

2.3 

1.2 

3.6* 

3.3 

1.8 

6.1 

4.6 

2.4 

6.9 

5.6 

2.7 

8.3 

2.4 

1.2 

8.6* 

3.2 

1.9 

6.1 




5.8 

2.6 

8.4 

2.4 

1.2 

3.6* 

3.4 

1.8 

6.2 

4.4 

2.6 

7.0 

6.3 

3.1 

8.4 

2.4 

1.3 

3.7* 

3.8 

2.0 

6.3 

4.7 

2.8 

7.C 

5.2 

8.3 

8.6 

2.3 

1.4 

8.7* 

3.4 

2.0 

6.4 

4.4 

2.7 

7.1 

6.1 

3.6 

8.6 

2.7 

1.0 

3.7 

3.8 

1.7 

6.6 

4.6 

2.6 

7.1 

6.6 

3.2 

8.7 

2.7 

1.1 

3.8* 

3.8 

1.8 

6.6 

4.6 

2.7 

7.2 

5.6 

3.1 

8.7 

2.6 

1.2 

3.8* 

3.9 

1.7 

6.6 

4.7 

2.6 

7.2 

5.7 

3.0 

8.7 

2.6 

1.3 

3.9* 

3.7 

2.0 

6.7 

4.9 

2.4 

7.8 

6.3 

2.5 

8.8 

2.6* 

1.8 

3.9* 

3.7 

2.1 

6.8 

4.6 

2.8 

7.3 

5.6 

3.4 

8.9 

2.6 

1.3 

3.9* 




4.9 

2.4 

7.8 







4.1 

1.9 

6.0 

5.3 

2.1 

7.4 

6.1 

2.9 

9.0 

2.6 

1.6 

4.1* 

4.3 

1.9 

6.2 

4.8 

2.7 

7.6 

5.6 

3.6 

9.2 

2.8 

1.3 

4.1 

4.0 

2.3 

6.3 

4.9 

2.7 

7.0 

5.7 

3.6 

9.8 

2.6* 

1.7 

4.2* 

4.6 

1.7 

6.8 

6.0 

2.6 

7.6 

6.1 

3.2 

9.3 

8.1 

1.1 

4.2* 

4.6 

1.9 

6.4 

6.7 

2.2 

7.9 

6.0 

3.3 

9.3 

3*1 

1.1 

4.2* 

4.4 

2.1 

6.5 

6.0 

2.9 

7.9 

6.5 

8.8 

9.3 

2.8 

1.4 

4.2* 

4.0 

2.5 

6.5 

5.4 

2.5 

7.9 

5.9 

3.5 

9.4 

8.0 

1.8 

4.8* 

4.6 

1.9 

6.5 

4.6 

3.1 

7.6 

6.0 

8.4 

9.4 

3.0 

1*8 

4.6 

4.4 

2.1 

6.6 




6.2 

8.6 

9.7 

8.2 

1.3 

4.5 

4.4 

2.2 

6.6 

5.3 

2.7 

8.0 

6.8 

2.9 

9.7 

3.1 

1.4 

4.5 

4.3 

2.3 

6.6 

5.0 

3.0 

8.0 

5.9 

8.9 

9.8 
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Ltr 

Lta 

L 

Ltr 

Lta 

L 

Ltr 

Lta 

L 

Ltr 

Lta 

L 

6.3 

8.6 

9.8 

6.0 

6.0 

11.6 

8.0 

4.9 

12.9 

8.7 

5.4 

14.1 




6.6 

6.2 

11.7 

8.2 

4.7 

12.9 

9.3 

4.8 

14.1 

6.0 

4.0 

10.0 

7.7 

4.0 

11.7 

7.7 

6.2 

12.9 

8.8 

5.4 

14.2 

6.1 

4.0 

10.1 

7.0 

4.7 

11.7 

8.4 

4.5 

12.9 

8.2 

6.0 

14.2 

6.8 

8.4 

10.2 

7.0 

4.7 

11.7 




8.3 

6.9 

14.2 

6.2 

4.0 

10.2 

7.5 

4.3 

11.8 

8.0 

5.0 

13.0 

8.8 

5.9 

14.2 

6.9 

3.8 

10.2 

7.6 

4.4 

11.9 

8.1 

4.9 

13.0 

9.3 

6.0 

14.3 

6.4 

3.9 

10.3 

7.2 

4.7 

11.9 

7.8 

5.2 

13.0 

9.2 

6.2 

14.4 

6.7 

4.6 

10.3 




8.0 

6.0 

13.0 

9.6 

4.8 

14.4 

6.4 

3.9 

10.3 

7.8 

4.2 

12.0 

8.6 

4.5 

13.0 

9.6 

5.0 

14.6 

6.6 

4.8 

10.4 

7.6 

4.4 

12.0 

8.4 

4.7 

13.1 

8.4 

6.2 

14.6 

6.5 

3.9 

10.4 

6.9 

5.1 

12.0 

8.3 

4.9 

13.1 

9.1 

6.5 

14.6 

6.4 

4.1 

10.5 

6.9 

6.2 

12.1 

8.8 

4.3 

13.1 

9.7 

4.9 

14.6 

6.8 

3.7 

10.6 

8.3 

3.8 

12.1 

7.7 

5.5 

13.2 

9.7 

6.0 

14.7 

6.8 

3.8 

10.0 

7.9 

4.3 

12.2 

8.9 

4.3 

13.2 

9.6 

6.2 

14.7 

6.5 

4.1 

10.6 

6.4 

6.8 

12.2 

9.0 

4.2 

13.2 

9.6 

6.1 

14.7 

6.0 

4.6 

10.6 

7.4 

4.8 

12.2 

8.2 

6.0 

13.2 

9.3 

5.5 

14.8 

6.3 

4.4 

10.7 

8.2 

4.1 

12.3 

8.3 

6.0 

13.3 

9.6 

5.2 

14.8 

6.7 

4.0 

10.7 

8.0 

4.3 

12.3 

8.1 

5.2 

13.8 

9.7 

6.2 

14.0 

6.9 

4.0 

10.9 

7.7 

4.6 

12.3 

8.8 

5.0 

13.3 

9.7 

6.9 

14.9 

6.8 

4.1 

10.9 

7.7 

4.6 

12.8 

8.4 

5.0 

13.4 

9.8 

6.1 

14.0 

6.8 

4.1 

10.9 

8.3 

4.1 

12.4 

8.8 

4.6 

13.4 




6.7 

4.2 

10.9 

7.6 

4.9 

12.4 

8.6 

4.9 

13.6 

9.5 

5.5 

15.0 




7.6 

4.8 

12.4 

8.3 

5.2 

13.5 

9.8 

6.2 

15.0 

6.9 

4.1 

11.0 

7.4 

6.0 

12.4 

9.6 

4.0 

13.5 

9.5 

6.6 

15.0 

7.1 

3.9 

11.0 

7.5 

5.0 

12.5 

7.9 

6.7 

13.6 

9.0 

6.0 

15.0 

6.4 

4.7 

11.1 

7.4 

6.1 

12.5 

7.8 

5.8 

13.6 

9.2 

6.9 

15.1 

7.3 

3.8 

11.1 

8.4 

4.1 

12.5 

8.4 

5.2 

13.6 

8.8 

6.3 

15.1 

6.3 

4.8 

11.1 

8.7 

3.8 

12.5 

8.8 

4.8 

13.6 

8.8 

6.3 

16.1 

7.0 

4.1 

11.1 

6.7 

5.8 

12.5 

9.7 

3.9 

13.6 

9.8 

6.8 

16.2 

6.3 

4.8 

11.1 

7.8 

4.8 

12.6 

8.6 

5.2 

13.7 

10.1 

6.1 

15.2 

7.0 

4.1 

11.1 

7.2 

5.4 

12.6 

8.7 

5.0 

13,7 

10.1 

6.1 

15.2 

6.7 

4.6 

11.2 

7.5 

6.1 

12.6 

7.7 

6.0 

13.7 

10.0 

6.2 

16.2 

6.4 

4.9 

11.3 

8.0 

4.6 

12.6 

8.2 

5.5 

13.7 

9.4 

5.9 

15.3 

6.7 

4.6 

11.3 

8.6 

4.1 

12.6 

9.5 

4.3 

13.8 

9.9 

5.5 

16.4 

6.8 

4.6 

11.3 

8.0 

4.7 

12.7 

8.2 

6.7 

13.9 

9.8 

6.8 

15.6 

7,1 

4.3 

11.4 

7.4 

6.3 

12.7 

8.5 

6.4 

13.9 

9.5 

6.2 

15.7 

7.1 

4.4 

11.6 

8.1 

4.6 

12.7 

8.8 

6.1 

13.9 

9.8 

5.9 

15.7 

7.7 

8.8 

11.5 

8.1 

4.6 

12.7 

8.6 

5.3 

13.9 

10.6 

5.3 

16.8 

7.6 

4.0 

11.6 

7.8 

4.9 

12.7 




10.6 

6.4 

15.9 

6.6 

6.0 

11.6 

7.8 

5.6 

12.8 

9.0 

6.0 

14.0 




7.2 

4.0 

11.6 

7.8 

5.0 

12.8 

9.0 

6.0 

14.0 

10.0 

6.0 

16.0 

7.8 

3.8 

11.6 

9.2 

3.6 

12.8 

8.6 

5.5 

14.1 

10.1 

6.8 

16.9 

5.6 

6.0 

11.6 

7.7 

5.2 

12.9 

9.1 

6.0 

14.1 
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Table 11. 

Body weight without sand (W) and the weight of fresh integument (I), 
both expressed in grams. Specimens collected at Moura in 1926. 


w 

I 

W 

I 



W 

I 

W 

I 

1.28 

0.29 

12.20 

1.61 

24.15 

6.33 

33.58 

6.34 

41.25 

7.79 

2.11 

0.67 

12.23 

3.00 

24.02 

6.28 

33.67 

6.91 

41.45 

7.67 

2.64 

0.67 

12.62 

2.34 

•.J4.78 

6.28 

33.95 

5.94 

41.61 

6.92 

2.88 

0.87 

12.46 

3.93 



34.19 

7.04 

41.90 

8.07 

2.99 

0.80 

12.68 

3.20 

25 08 

6.64 

34.21 

6.92 

42.06 

8.83 

8.29 

0.80 

13.29 

2.60 

26.26 

4.76 

34.34 

4.97 

42.07 

7.09 

8.47 

0.68 

13.48 

3.81 

26.36 

5.63 

34.39 

6.29 

42.19 

8.52 

8.58 

0.94 

14.46 

2.65 

25.96 

4.84 

34.62 

6.30 

42.15 

7.36 

3.82 

0.86 

14.92 

3.83 

28.10 

5.66 

34.77 

6.78 

42.40 

10.62 

3.87 

0.81 



26.25 

7.78 

34.24 

4.65 

42.96 

6.83 

4.06 

0.72 

16.67 

4.35 

26.16 

6.72 



4.7.88 

8.16 

4.10 

1.26 

16.16 

6.16 

26.31 

6.66 

35.01 

6.11 

43.46 

6.96 

4.13 

0.59 

16.26 

3.93 

26.60 

6.40 

36.06 

6.78 

43.77 

10.02 

4.67 

0.90 

16.44 

3.77 

26.86 

6.40 

36.06 

6.66 

44.24 

7.37 

4.63 

1.37 

16.63 

3.09 

27.09 

6.74 

36.29 

6.46 

44.98 

7.31 

4.65 

0.90 

16.66 

3.25 

27.62 

5.87 

35. C9 

6.84 

44.98 

7.17 

4.77 

1.24 

16.77 

3.64 

27.73 

6.70 

36.87 

7.90 





16.92 

3.78 

27.76 

3.43 

36.94 

6.21 

46.00 

9.32 

5.02 

0.41 

17.04 

2.89 

28.06 

6.76 

36.00 

6.82 

46.26 

9.07 

6.07 

0.96 

17.18 

4.84 

28.62 

8.38 

36.08 

8.22 

46.36 

7.03 

5.16 

0.88 

17.19 

3.74 

28.64 

6.35 

36.33 

6.91 

47.18 

10.99 

6.60 

1.22 

17.47 

6.16 

28.75 

6.67 

36.49 

7.2.7 

47.37 

9.37 

6.63 

0.74 

17.49 

2.76 

28.97 

7.38 

36.67 

7.70 

47.96 

8.68 

5.63 

2.04 

17.53 

5.81 

29.04 

6.77 

37.02 

8.66 

48.02 

8.70 

6.74 

1.41 

17.88 

3.30 

29.24 

6.37 

37.04 

6.83 

48.16 

8.03 

6.01 

0.99 

17.96 

3.79 

29.40 

6.67 

37.19 

8.51 

48.31 

11.10 

6.52 

0.92 

19.06 

4.73 

29.42 

8.31 

37.20 

6.62 

48.41 

8.20 

7 • 23 

1.40 

19.13 

7.06 

29.64 

9.70 

37.29 

6.66 ! 

48.62 

10.24 

7.66 

1.00 

19.18 

5.92 

29.65 

6.29 

37.33 

7.38 

49.63 

7.15 

7.67 

1.28 

19.43 

4.58 

29.73 

4.66 

37.33 

7.91 

49.57 

9.91 

7.71 

0.90 

18.49 

2.49 

29.87 

6.62 

37.99 

6.73 

49.62 

7.42 

7.78 

1.97 

18.61 

3.00 

29.88 

7.30 

38.10 

6.44 



8.00 

1.92 

18.67 

4.24 



38.31 

7.67 

60.22 

8.66 

8.43 

1.13 

18.68 

7.05 

30.25 

6.45 

38.42 

7.24 

50.68 

8.68 

8.67 

1.13 

18.70 

3.67 

30.30 

6.64 

38.43 

9.47 

60.77 

8.76 

8.84 

1.74 

18.97 

7.79 

30.61 

7.32 

38.46 

6.99 

61.36 

9.28 

8.86 

1.39 



31.03 

6.41 

38.82 

6.32 

62.69 

9.80 

8.97 

1.45 

20.27 

5.51 

31.43 

6.24 

39.10 

6.80 

53.52 

9.20 

9.18 

1.26 

21.01 

3.23 

31.60 

6.81 

39.16 

8.06 

54.32 

10.64 

9.21 

1.77 

21.19 

3.76 

31.71 

7.46 

39.26 

6.89 

54.84 

11.34 

9.31 

1.46 

21.89 

8.04 

31.74 

6.63 

39.48 

8.36 

64.98 

11.04 

9.36 

2.07 

22.06 

6.68 

31.91 

0.18 

39.71 

$.14 



9.66 

1.83 

22.06 

6.38 

32.22 

7.38 

39.71 

7.31 

65.96 

9.70 

9.86 

3.18 

22.16 

6.27 

32.42 

7.94 

39.92 

8.64 

56.21 

13.94 



22.16 

3.26 

32.56 

8.80 



68.20 

9.46 

10.01 

1.36 

23.29 

4.64 

32.68 

7.42 

40.10 

7.21 

58.33 

8.60 

10.13 

1.91 

23.81 

6.48 

32.87 

6.31 

40.20 

7.79 

68.78 

10.60 

10.14 

1.86 

23.86 

5.01 

32.91 

6.41 

40.40 

8.52 

58.02 

11.44 

10.30 

2.24 

23.86 

6.93 

33.04 

8.38 

40.46 

6.02 



10.63 

1.31 

23,87 

4.18 

33.11 

7.93 

40.74 

7.01 

63.34 

9.11 

10.86 

1.87 

24.07 

6.41 

38.20 

7.78 

41.05 

7.19 



11.36 

2.48 

24.01 

6.28 

83.67 

6.68 

41.30 

8.06 
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Table 12. 

Body weight with sand (Ws) and sand in the alimentary canal (Sj, both 
expressed in grams. Specimens collected at Moura in 1926. 

* denotes specimens collected in 1927. 

**denotes specimens collected at Kugurisaka in 1927. 


Ws 

S 

Ws 

s 

Ws 

S 

Ws 

s 

Ws 

S 

1.46 

0.46** 

16.11 

6.26 

38.83 

9.49 

48.11 

13.10 

69.43 

18.02 

1.66 

0.49** 

16.25 

6.28 

34.00 

14.35 

48.20 

14.74 

69.86 

19.91 

1.66 

0.60** 

15.49 

7.06 

34.29 

16.82 

48.29 

14.72 



1.76 

0.7 L** 

16.63 

6.77 

34.32 

11.68 

48.80 

20.16 

60.16 

19.42 

1.82 

0.49** 

16.76 

5.05 

34.86 

10.55 

49.60 

12.48 

61.07 

18.11 

1.91 

0.60** 

16.12 

7.28 

34.88 

11.01 



61.14 

15.39 



16.14 

6.93 

34.90 

12.41 

60.36 

18.08 

61.84 

22.68 

2.00 

1.00** 

17.14 

6.61 

36.15 

13.19 

60.42 

24.44* 

62.10 

22.25 

2.67 

1.33** 

17.80 

6.60 

36.67 

14.48 

60.60 

J8.89 

63.77 

27.69 

2.63 

0.67** 

18.12 

8.76 

36.69 

18.81 

60.62 

21.58 

64.04 

23.68 

2.74 

1.32** 

18.26 

4.87* 

37.41 

10.66 

50.64 

21.40 

64.16 

24.24 

2.86 

1.31** 

18.96 

6.20* 

37.67 

12.14* 

62.14 

13.83 

64.79 

16.38 

3.22 

1.37** 

19.74 

6.26 

37.93 

11.62 

52.29 

16.06 

64.89 

23.38 

3.36 

1.44** 

19.96 

8.31 

38.80 

12.34 

62.30 

18.08 

66.27 

22.54 

3.36 

1.86** 



38.42 

18.99 

62.37 

19.95 

66.60 

19.34 

3.49 

1.81** 

20.16 

6.33* 

38.99 

12.39 

52.61 

21.94 

66.94 

20.69 

3.76 

1.64 

20.37 

9.82 

39.19 

18.27 

62.91 

20.32 

66.26 

26.22 

3.85 

0.97 

20.66 

8.32* 

89.26 

10.29 

63.09 

16.60 

66.82 

28.39 

4.17 

1.86** 

21.64 

7.18 

38.78 

22.82* 

53.36 

20.69 

67.24 

23.38 

4.18 

1.81** 

21.75 

7.46 



53.46 

22.43 

67.74 

22.76 

4.84 

1.96** 

22.61 

9.26* 

40.50 

10.96 

63.71 

21.93 

68.67 

26.42 

5.29 

1.71 

23.96 

7.70 

41.20 

15.17 

63.76 

22.15 



5.64 

2.26** 

26.18 

10.26 

41.36 

15.73 

63.79 

16.60 

70.40 

22.03 

5.67 

1.67 

24.63 

6.56 

41.70 

17.84 

63.92 

14.83* 

70.91 

24.82 

6.48 

3.01 

24.66 

7.89 

41.85 

15.75 

64.00 

22.09 

72.32 

27.32 

7.25 

2.70 

24.86 

7.66 

42.62 

17.74 

64.30 

15.81* 

72.34 

23.82 

7.29 

3.26 

26.23 

8.74 

42.83 

16.81* 

64.32 

21.74 

72.61 

28.22 

7.36 

2.71* 

26.94 

8.33 

43.06 

18.61 

64.61 

16.51 

73.65 

23.43 

7.82 

3.53 

27.43 

10.51 

43.61 

16.61 

64.77 

25.29 

76.44 

27.29 

8.44 

2.81 

27.68 

12.69* 

43.64 

15.13 

64.79 

15.72 

75.86 

26.17 

9.39 

2.87 

28.00 

11.37 

43.76 

11.39* 

64.94 

26.42 

76.62 

23.00 

9.89 

4.26 

28.67 

13.61 

44.23 

17.25 

66.41 

21.03 

76.60 

22.32 

9.90 

4.88 



44.53 

14.72* 

66.64 

20.21 

76.71 

26.82 



30.46 

13.16 

44.89 

16.02 

66.79 

21.10 

79.29 

22.69 

10.60 

6.35 

30.69 

10.47 

45.10 

17.36 

66.89 

14.99 



10.62 

2.91 

31.28 

12.61 

45.19 

16.10 

67.31 

21.42 

82.70 

24.37 

11.43 

3.78 

31.33 

12.20* 

45.22 

16.67 

67.39 

18.24 

82.79 

24.69 

11.62 

5.61 

31.49 

9.81* 

45.50 

19.90 

67.40 

17.00 

85.19 

27.17 

11.81 

3.57 

32.06 

11.78 

45.73 

16.51 

67.66 

15.58 

86.01 

29.78 

11.88 

5.12 

32.69 

13.99 

46.21 

18.69 

67.94 

15.88 

86.66 

22.86 

12.84 

5.25* 

83.09 

11.03 

47.04 

11.93* 

68.13 

23.94 



13.28 

3.83* 

33.16 

14.10 

47.08 

19.88 

68.32 

17.79 

93.01 

26.34 

13.59 

4.92 

33.30 

12.79 

47.17 

12.40 

68.77 

20.82 



13.87 

4.69 

33.73 

13.44* 

47.84 

13.81 i 

59.14 

28.84 



14.78 

5.85 

33.77 

14.71 

48.00 

16.25 

69.22 

21.59* 




3.91 10.5 
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Table 13. 

Correlation between the body weight and the body length . 
Ws : Body weight with sand in grams . 

L : Body length in cms . 
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Table 14. 

Correlation between the body weight and the body length. 
W : Body weight without sand in grams. 

L : Body length in cim. 
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Table 15. 

Correlation between the body length and the trunk length. 
L : Total body length in cms. 

Ltr : Trunk length in cms. 
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Table 16. 

Correlation between the body length and the tail length. 
L : Total body length in cms. 

Lta : Tail length in cms. 
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Table 17. 

Correlation between the body weight and the integument. 
W : Body weight without sand in grams. 

I : Fresh weight of the integument in grams. 
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Table 18. 

Correlation between the body weight and the sand 
in the alimentary canal. 

Ws ; Body weight with sand in grams. 

S : Sand in the alimentary canal in grams. 



















































Study of Euryale ferox Salisb. 

IV. On the Rate of Growth of the Lamina. 1 * 

By 

Y6nosukk Okada. 

(Biological Institute) Tfihoku Imperial University, Sendai.) 

(With Plates X1II-XIV). 

Introduction. Euryale ferox Salisb., one of the largest leaf-bearing 
plants grown in Japan proper, enjoys a most luxurious growth in some 
localities in the Prefecture of Toyama, viz, in Zynnityogata (-pHWf 
$}) and in Takaoka where it is not a rare occurrence that 

as large leaves as those of Victoria regia are observed. On this fact 
I have already reported in my previous paper 25 . It is indeed a 
magnificent sight, in the midst of the vegetative season, to see their 
gigantic leaves overspreading the water surface (PI. XIII). Not less 
noticeable is the rapid rate of growth with which the leaf anlage 
attains to the fully grown size in the course of only a few days. It 
is generally recognized that the growth of aqueous plants is executed 
with much rapidity as a general rule,' 5 yet the case of Euryale may 
be accepted to be one of the most remarkable examples, so that it 
may be worth while, from the biological point of view, to study the 
actual rate of growth of the lamina. The following paragraphs are 
mainly the results of my study at Zyunityogata last summer. 

On the season of the vigorous growth. So far as the observations 

■>The cost of the study was partly defrayed by the Subsidy to Promote the Study 
of Natural Sciences, from the Department of Education, for which I wish to 
express my thanks. 

£ > Okada, Y. 1928. Study of Euryale ferox Salish. I. On the Size of Leaves, 
Fruits, etc., with some Remarks on the Mode of Expansion of the Leaf Blade. 
Sci. Rep., T6hoku Imp. Univ., Sendai, Sei. ► Vol. 3, pp. 271-278. See also: 
Japanese Department of Home Affairs. 1928. Preservation of Natural Monu¬ 
ments in Japan, p. 14; Matoha, H. 1925. "Onibasu” (Euryale ferox Sausb.) 
(text in Jap.) pp. 16-17. 

Gokuki, K. 1893. Pflanzenbiol. Srhild. 2 Teil, 2 Lief., Wasserpflanzen. p. 228. 
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up to this day are concerned, the largest leaves of Euryale appear 
from the end of August to as late as the middle of September. It 
may therefore be presumed that this period is the most favorable 
time for the vegetation. The real cause of this relationship must be 
highly complicated, and a comprehensive analysis cannot be made at 
all with mere observations. But taking into consideration that the 
temperature' is the most effective of all the environmental factors 
influencing the growth rate of plants, it is not irrational to expect to 
find some relationships here between the temperature and the vegeta¬ 
tive vigour of Euryale. 

The body of the plant, in the main, is exposed partly to the water 
and partly to the atmosphere, so that we must take into account 
both of these surrounding media in considering the temperature rela¬ 
tion. Of these two, for the atmospheric temperature, we can resort 
to the record of the Husiki Meteorological Observatory (some 9 km. 
from Zyunityogata), which tells that the weekly average attains the 
maximal value usually in the second or the third week of August 
(Table 1). 


TABLE 1. Weekly average of atm. temp, for August. 
(Husiki Meteorological Observatory) 


: 

1924 

192o 

1926 

1927 

1028 

1st week 

28.10 

26.40 

26.99 

25.47 

26.12 

2nd. .. 

27.67 

26.21 

26.03 

26.69 

25.46 

1 

27.70 

26.67 

25.47 

25.72 

26.67 

mSSBM 

24.84 

26.05 

26.83 

25.60 

24.46 


As for the temperature of the water at the bottom (some 50 cm. 
deep), I have been favored by Mr. Matoba’s kind effort, a semimonth¬ 
ly record of one round year, according to which we know that the 
maximum (32.5°C) takes place at about the beginning of September. 
(The complete record will be given in my later paper in connection 
with the study of the habitat.) From these two records it is suggested 
that the water temperature lags to some degree after the atmospheric 
temperature, and the plant body which is situated between these two 
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exhibits its full vigour of vegetative activity in the period between 
these two maxima. 

On the rate of the increase in the surface of the leaf blade . 
According to the above reasoning, the latter half of August towards 
the beginning of September seems to be most fitted to study the 
growth of the lamina of Euryale , so that I made a visit to the Euryale- 
vegetation at Zyunityogata at the end of August, and accomplished 
some measurements concerning the growth rate of the leaf blade. As 
a prolonged stay there was not afforded, and accordingly continuous 
study with one and the same material throughout the developmental 
course was not to be aimed at, I was compelled to resort to measure¬ 
ment with random samples. For two days during my stay there, 
diameters of the leaf blades were measured twice daily at the 8th 
and 17th hours, and from these values, the areas of the surface 
(or to be more exact, the areas of the projection of the leaf blade on 
the water surface) were computed. 

The general outline of the lamina may be called roughly circular 
if we ignore such minor irregularities as the process at the leaf tip 
or the small insinuation at the base (PI. XIV). The diameters are, 
however, not perfectly equal in all directions, the one along the midrib 
(Textfig. 1, AB) being a little shorter than the one across (Textfig. 



Textfig. 1. Outline of the lamina. 
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TABLE 2. Diameter and area of the leaf blade. 


Date and hour 

24/VIII, 

eh. 

24/VIII, 

17h. 

25/VI II, 
8h. 

26/VIII, 

17h. 

26/VIII, 

8h. 

i 

Air 

23.0° 

22.7° 

23.0° 

26.0° 

24.6° 

cj 

Water surface 

28.0° 

28.7° 

26.0° 

29.0° 

27.3° 

1 

Water bottom 
(60 cm.) 

28.0° 

29.0° 

28.0° 

28.6° 

28.0° 


a. 

51 

66 

64 

69 

73 

. 

b. 

62 

66 

68 


63 

§ 

c. 

67 

73 

81 

85 

89 

c 

h 

d. 

78 


82 

83 

85 

a 

e. 

129 

130 

131 

132 

132 

§ 

f. 

136 

138 

139 

140 

141 

5 

«• 

139 

141 

142 

143 

144 


h. 

167 

168 

168 

169 

159 


a. 

20.43 

24. G3 

32.18 

37.39 

41.86 

dm. 

b. 

21.24 

23.76 

26.41 

28.28 

31.17 

c. 

35.26 

41.86 

61.63 

56.74 

62.22 

sr 

d. 

47.78 

60.27 

62.80 

64.12 

66.74 

0 

c*. 

130.7 

132.7 

136. J 

136.9 

136.9 

cd 

f. 

145.2 

146.6 

151.7 

163.9 

166.2 

< 

! «• 

161.7 

166.2 

158.4 

ICO.6 

162.9 


1 h. 

■sa 

196.1 

196.1 

198.6 

198.6 



table 3. 

Increment of area per 

hour (in 

sq. cm.) 


24/VIII, 8h. — 

21/VIII, I7h. — 26/VIII, 8h. 

> 

to" 

1 

‘ 

17h. — 26/VIII, 8h. 

a. 

1 47 

60 

68 

30 

b. 

28 

18 

21 

20 

c. 

73 

66 

68 

37 

d. 

28 

17 

15 

18 

e. 

20 

16 

20 

0 

f. 

60 

14 

24 

15 

8- 

60 

15 

24 

15 

h. 

30 

0 

26 

0 
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1, CD). In our record the arithmetical mean of the above two values 
is taken for the diameter and the area is computed approximately as 
a circle. 

The result of the measurement is arranged in Tables 2 and 3. 

From these results wc know the fact that the act of growth takes 
place both in the daytime and in the night, and further that the 
growth rate in the former seems as a general rule slightly more 
favored than in the latter. As for the question as to the growth 
rate in relation to the age, we cannot know much, owing to the 

TABLE 4. Growth rate of the lamina of Euryale at 
Takaoka observed by Mr. Otaya. 

No. 1. 


Date 

Aug. 26 

27 

28 

29 

80 

81 

Sept. 1 

o 

Length of 


* 

— — 





— 

the lamina 

81.6 

100.0 

115.0 

127.5 

180.5 

138.0 

143.0 

148.0 

(cm.) 


__ 



_ 


_ 


Length of 
CD* (cm.) 

86.6 

108.7 

126.0 

137.0 

142.5 

160.0 

164.6 

154.5 

Length of 
AB* (cm.) 

82.0 

103.0 

120.0 

184.0 

140.0 

143.0 

161.0 

151.0 

Area 
(sq. cm.) 

6836 

8817 

11869 

14516 

16606 

16966 , 

18375 

18376 

Daily incre¬ 







_ - 


ment of 


23.7 

16.8 

12.0 

5.5 

7.6 

4.5 

0 

CD (cm.) 








Daily incre¬ 







~ 


ment of area 
(sq. cm.) 


8281 

8062 

2647 

1090 

1850 

1419 

0 

Remarks 

Sunny 

Sunny 

Sunny 

Sunny 

Cloudy, 

with 

light 

Sunny 

strong 

wind 

Sunny 

Sunny 






rain 



Water 

temperature 


82° 

82° 

82.6° 

29° 

88' 

81.6° 

81° 


The measurement was commenced on the third day of the horizontal expansion 
of the lamina, and the completion was attained m fhe seventh day of measurement, 
so that the whole period' of the horizontal expansion of the lamina is reckoned to he 
about nine days. The same holds good in the next example a« well. 

*)Those symbols refer to Textfig. 1. 
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No. 2. 


Date 

Aug. 26 

27 

28 

20 

80 

81 

Sept. 1 

2 

Length of 
the lamina 

(cm.) 

77 

103.8 

118.5 

128.0 

188.5 

186.0 

140.6 

140.5 

Length of 
CD (cm.) 

86 

111.0 

128.5 

189.6 

148.0 

160.0 

158.6 

168.6 

Length of 
AB (cm.) 

80 

108.0 

124.0 

133.4 

146.0 

147.0 

161.5 

161.6 

Area 
(sq. cm.) 

5401 

0526 

12460 

14627 

16962 

17427 

18061 

18061 

Daily incre¬ 
ment of 

CD (cnO 

■ 

2> 

17.6 

11 

8.6 

2.0 


0 

Daily incre¬ 
ment of area 
fsq. cm-) 

■ 

8025 

8124 

2177 

2335 

466 

634 

0 


limited period of observation, beyond the vague idea that the increment 
falls with the age of the leaf in most cases. 

* 

This serious gap in my study was later filled by Mr. Otaya, 
who continuously performed every twenty-four hour’s measurement 
with some specified leaves of Euryale at Takaoka. Examples from 
his protocols are tabulated below with his permission. 

His result shows the general tendency that, apart from the ex¬ 
tremely young stage in the development, the daily increment falls 
considerably with age, not only in the diameter but also in the area. 
Another remarkable point is the rapidity in growth expressed in the 
actual increase in the diameter. The largest value observed attains 
as much as 25 cm. per day, that is, the leaf of Euryale expands more 
than 1 cm. across per hour in its prime of vegetative vigour. 

The mass of the leaf as related to its surface. The surface of the 
lamina is not simply plane but is ooarsely wavy, and the irregularity 
is, in particular remarkable in the younger leaves that they may be 
described as coarsely rugous (Plate XIV). In the tables above, these 
irregularities are neglected and the area is computed from the length 
of the diameter under the assumption that the outline is perfectly 
circular, so that the' area in these tables denotes that of the projection, 
so to speak, of the lamina on the water surface, but not the true 
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surface area of the lamina. Now, it is obviously more rational to 
measure the actual leaf surface than its projection in studying the 
growth phenomenon of the leaf. The practice is, however, almost 
impossible. An alternative is to denote the increment m terms of the 
mass of the leaf instead of the area. But, here, too, is the ungovern¬ 
able difficulty of weighing, undetached from the mother plant, the 
leaf blade which still keeps growing on in the water, and I was com¬ 
pelled to resort to the indirect and imperfect method of computing 
the ratio of the mass to the area of the leaf in various stages of 
development and then interpreting the change in the area into that 
in the mass. 

The result of my calculation of the above ratio with random 
samples is shown in Table 5 and in Textfig. 2. 

We know therefrom that the smaller the diameter is, the ratio of 
the mass to the area is the larger. 


TABLE 5. The mass of the lamina in 
relation to the area. 



Diameter 

Area 

Fresh weight 

Dry matter 

Dry matter/Area 


cm. 

sq. cm. 

kg. 

8* 

% 

mg/sq. cm. 

a. 

32 

804.1 

0.6 

26.0 

4.17 

81.09 

b. 

47 

1784 

0.86 

89.8 

4.63 

22.96 

c. 

74.1 

4859 

2.01 

74 4 

8.70 

17.07 

d. 


7461 

8.6 

164.8 

4.42 

20.75 

e. 


10560 

8.4 

148.2 

4.36 

14.04 

f. 


12460 

3.6 

164.2 

4.28 

12.38 


As is previously stated, the rate of increase in the area of the 
lamina falls with age. Now we know furthermore that the ratio 
mass/area decreases too with age. Taking these two tendencies in 
combination, the result is that the increment of the mass of the 
lamina suffers from considerable decline as the age goes on and the 
diameter grows. 4 

The dry matter in percent of the fresh weight, hi the sixth column 
of the above table is attached the value of the dry matter content 











30 40 50 60 TO 

Diameter of the lamina (in cm.) 

Textftg. 2. The ratio mass/area and dry matter content as related to the 
size of the lamina. 

of the lamina expressed in percent of the fresh weight, which shows 
that it is almost constant for any sample and therefore independent 
of the size or age of the lfcaf itself. The remarkably low value of 
the percentage may be accepted as a characteristic common to aqueous 
plants in general. 

In conclusion, I wish to acknowledge my indebtedness to Mr. 
Matoba and Mr. Otaya for their kind help during my study, and 
especially to the former for his kindness in recording the water tem¬ 
perature and to the latter for his liberal permission to refer to his 
unpublished data. 


EXPLANATION OF THE PLATES. 

PI. XIII. Euryale ferox Salisb. in its natural habitat at Zyftnity6gaU, 
showing a gigantic leaf blade measuring 191 cm. (6.3 Syaku) across. 

PI. XIV* The same >vith its under surface exposed. Attached is an unex¬ 
panded young leaf showing the conspicuous rugous markings on the upper surface. 


Ober die Chromosomenzahlen bei einigen Potentillen. 


Von 

Naomasa Shimotomai. 

(Biologisches Insfcitut der Kaiserlichen T6hoku Universitttt, Sendai.) 

Potentilla , eine Gattung von Rosaceae, ist schr artenreich. Nach 
Wolf (1908) umfasst sie etwas iiber 300 Arton, von denen die meisten 
von der nordlichen gemassigten Zone bis in die arktische hinein vveit 
verbreitet sind und einige in der siidlichen gemassigten Zone vor- 
kommen. 

Diese grosse Gattung ist aber hinsichtlich, der Chromosomenforsch- 
ung bis vor kurzem fast ganz vernachlassigt wbrden, indem nur wenige 
Atten von einigen Forschqm untersucht wurden. 1908 untersuehte 
Tischler einen sterilen Artbastard zwischen Potentilla Tabemaemontani 
und P. rubens (=opaca ) zytologisch und fand 32 Chromosomen bei 
der somatischen und 16 bei der meiotischen Teilung. Ganz dieselbe 
haploide Zahl fand er auch bei dessen Eltern. 1914 nahm Foren- 
BACHER die Chromosomenzahlung bei 4 Arten vor, von denen nach 
ihm eine Art 8 und drei andere 16 haploide Chromosomen haben. 
1927 untersuehte Frl. Roscoe eine anscheinend triploide Riesenform 
von P. anserina, aber sie konnte keine genaue Chromosomenzahl bei 
dieser Form feststellen. Die Angaben der beiden ersten Autoren 
scheinen, uns zu zeigen, dass Chromosomenpolyploidie mit der’ Grund- 
zahl 8 bei dieser Gattung auftritt. 

Ganz kiirzlich hat Tischler (1928) abermals zwei Potentillen unter¬ 
sucht. Als haploide Chromosomenzahl fand er aber bei Potentilla 
alba 14 und bei P. aurea am wahrscheinlichsten 28. Diese neue 
Entdeckung brachte den Autor auf den Gedanken, dass die Grundzahl 
der Chromosomen bei dieser Gattung wie bei den naheverwandten 
Gattungen, z. B. Rttbus u. a., auch 7 sein miisse und dass die fruheren 
An ubm , die die Zahlen 8 und 16 benchteten, ganz irrig waren. 

Auch. m Japan gibt es etwa 30 Arten dieser Gattung. Urn einer- 
seits diese einheMMaebaa Potentillen zytologisch naher zu erkennen 



370 


N. SHIMOTOMAI 


und anderseits die oben erwahnte, von Tischler vorgeschlagene Frage 
zu beantworten, habe ich eine zytologische Untersuchung fiber diese 
Gattung untergenommen. In vorliegender kleiner Arbeit teile ich die 
Cbromosomenzahlen nur einiger Arten mit. (jber die Chromosomen- 
zahlen der anderen zahlreichen Arten wird in den nachfolgenden Mit- 
teilungen berichtet werden. 

Zuerst untersuchte ich im Sommer dieses Jahres die meiotische 
Teilung bei Potentilla chinensis , da diese Pflanze gerade in ihrer 
Blfitezeit war. Die Poilenmutterzellen wurden mit BELUNGscher 

Eisenessigkarminlosung fixiert 
und gefarbt. Damit lassen sich 
die metaphasichen, bivalenterv 
Chromosomen ziemlich gut far- 
ben. Sie haben die Gestalt 
eines kleinen, kurzen, dicken 
Stabchens. Fig. 1 zeigt die 
Polansicht einer Kemplatte bei 
heterotypischer Metaphase, wo 
man am deutiichsten 7 Chro¬ 
mosomen wahmehmen kann. 
Diese Beobaehtung interessiert 
uns deshalb, weil wir hier bei 
unsercr Art die von Tischler schon vermutete, aber noch nicht 
wirklich erwiesene Grundzahl bei dieser Gattung gefunden haben. 0 

Um noch andere einheimische Potentillen zu untersuchen, habe 
ich in diesem Herbst zur Zahlung der somatischen Chromosomen 
diesmal die Wurzelspitzen fixiert, welche man von in Tiipfen gepflanzten 
Pflanzen leicht nehmen konnte. Die Fixierung geschah mit Flemmings- 
Gemisch nach dem Rezept des Bonn-Instituts. Paraffinschnitte wurden 
mit Heidenhains Eisenalaunhamatoxylinlosung gefarbt. 

Die somatischen Chromosomen sind stabchen- oder hakenformig 
und sehr klein, konnen jedoch ohne Schwierigkeit gezahlt werden, 
da sie gewohnlich nicht aneinander kleben (Fig. 2). Die Chromsomen- 
zahlen der hier untersuchten Arten seien samt derselben der vorhin 
beschriebenen im Folgenden angegeben: 

^Neulich hat mir Herr Prof. Dr. Tischler briefHch mitgcteilt, dasH auch er bei 

PotentiUa verm u. a. 7 haploide Chromosomen beobachtet hat 



Pig. 1. Eine Polansicht heterotypis- 
cher Metaphase in P.M.E. von Potentilla 
chinensis. ( x 2100). 
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Fig. 2. Somatische Kemplatten bei Potentillen. ( x 321)0) 

1, P. Kleinian*; 2, P. fragarioidet; 3, P. Matmmwra*; 4* P. nipponica. 


n 2n 

PotentiUa chinensia, SeR.7 

P. fragarioides, L.14 

P. Kleiniana, Wight et Arn.14 

P. Matsumurae, Wolf.28 

P. nipponica, Wolf.28 


Wie die Tabelle zeigt, sind die drei ersteren Arten diploid und 
die beiden letzteren tetraploid. 

Durch Tischlers und meine eigene Arbeiten kennen wir jetzt bei 
dieser Gattung die reduzierten Zahlen 7, 14 und ca. 28. Diese Zahlen 
scheinen eine Serie regelrechter Polyploidzahlen zu bilden. 

Unter Potentilloideen weisen zwei Gattungen, Rubus (Longley 
1924) und Fragaria (Ichijima 1926), schone Chromosomenpolyploidien 
mit der Grundzahl 7 auf. Ganz dieselbe Polyploidie konnen wir auch 
bei der Gattung Geum erwarten, denn Winge (1924) stellte bei zwei 
Arten von Geum 21 haploide Chromosomen fest. Also liegt es nahe, 
anzunehmen, dass bei samtlichen Potentilloideen ganz dieselbe Chromo¬ 
somenpolyploidien mit der Grundzahl 7 vorkommen. 


Zum Schluss mochte ich Herm Prof. Dr. Tahaka fur seine liebens- 
wiirdige Unterstiitzung meinen besten Dank aussprechen. 

Dezember 1928. 
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Nachschrift. Nach der Vollendung dieser Mitteilung empfing ich die 
ganz kflrzlich erschienene Arbeit von Arne MOntzing, „ Pseudogamie in der 
Gattung Potentilla (Hereditas, Bd. 11, S. 267-283, 1928)“. Auch er fand, dass. 
die Grundzahl der Chromosomen bei dieser Gattung 7 ist. 



Uber eine tetraploide Gartenrasse von Psiloium 
nudum , Paiisot de Beauvois (~P. triquetrum, 
Sw.) und die tripolige Kernteilung in 
ihren Sporenmutterzellen. 


Von 


Sakuichi Okabe. 

(Hiologisches Institut, Kaisorl. Tohoku Universitat, Sendai.) 

(Mit Tafel XV.) 

Seil langem wurde Psiloium nudum , Palisot de Beauvois (— P. 
triquetrum, Sw.) von verschiedenen Forschern zytologisch studiert. 
Bekanntlich wurden die Sporenmutterzellen dieser Pflanze wegen ihres 
grossen chromatinreichen Kerns um das Ende des vorigen Jahrhunderts 
von europaischen Zytologen als giinstiges Material fiir Untcrsuchungen 
der Kernteilungsvorgange, Polktirperchen und Zellteilungen gebraucht. 
Weit spater, vor neun Jahren (1920), hat Yamaha die Zellteilung, 
besonders die Zellplaltenbildung der Archesporen und Sporenmulter* 
zellen genau untersucht. 

Psilotum nudum, das in Siidjapan wild vorkommt, wurde einst 
von japanischen Gartnern als Zierpflanze viel gezogen. Wenigstens 
iibcr 100 Gartenrassen bekamen ganz phantastische Namen. Aber 
jetzt werden leider nur noch wenige von ihnen gelegentlich in Ge- 
wachshausern botanischer Garten oder in privaten Garten gefunden. 

Als ich im vorigen Hcrbst einige Praparale der Sporenmutterzellen 
einiger Rassen dieser Pflanze, die im hiesigen Gewachshause geziichtet 
werden, zwecks Bestimmung der Chromosomenzahlen priifte, habe ich 
zu meincm Erstaunen etwas Sonderbares, hochchromosomigc und tri¬ 
polige Kernteilung, beobachtet. Meine Beobachtungen teile ich hier 
kurz mit. 

Als Fixierungsmittel benutzte ich meistens Flemmings Chrom- 
osmiumessigsaurelosung in Bonner Konzentration; Bouins Losung war 
auch brauchbar. Die Farbung der 15-25/' dick geschnittenen Paraf- 
finschnitte geschah mit Heidenhains Eisenalaunhamatoxylin. 
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Textfig. 1. Zwei Gartenraswn von Psilotum nudum , Palisot d,<: Bkauvois 
a, Hint* diploide Kasse (Hakuryu). h, Kino totraploido Kasse. Gartennamo un* 
bokunnt. Die Sporangien l>oidor Pflan/cn wurden fair meine Untersuohungon 
weggenornmen. Die totraploido Kasse ist viol grosser als die diploide. on. 

Zuerst iiber die Chromosomenzahlen. Wenn man das klassische 
Bild Hofmeistkrs (1867) sicht, ist es leicht, 55 Gemini in seiner 
Fig. 16, e zu unterscheiden. Strasburger (1884) hat dagegen eine 
noeh hohere Zahl, ea. 140, gezahlt. 1896 richtete Rosen seine be* 
sondere Aufmerksamkeit auf die Chromosomenzahlen dieser Pflanze, 
und er schrieb, „ Die Zahlung ergiebt hier 50 Chromosomen, und da 
doppelte Zahluug bei der Kriimmung eines Segmentes aber kaum 
vorkommen konnte, so wird man die Zahl auf 48 reduciren diirfen.“ 
Bei meinem Material besitzt eine Rasse in der ersten meiotischen 
Teilung 52 (Textfig. 2. a) und die andere 104 Gemini (Textfig. 2. b). 
Letztere ist also als tetraploide Rasse anzusehen. Ich vermute, dass 
das von Strasburger benutzte Material auch eine tetraploide Rasse 
war. 

Wie schon Rosen bemerkte, ist es etwas schwer, die auf der 
Kernplatte angeordneten Chromosomen richtig zu zahlen, weil sie 
verschicden geformt und nebeneinander zusammengedrangt sind. Zur 
Zahlung der reduzierten Chromosomenzahlen ist das Diakinesestadium 
noch zweekdienlieher als die Metaphase, denn hier sind die Gemini 
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langs der Kemperipherie zerstreut angeordnet. In diesem Stadium 
konnte ich durch Xnderung der Emstellung 52 resp. 104 Gemini und 
je einen Nukleolus konstatieren. 

Die Verlauf der Reduktknmteilung der diploiden Rasse geht ganz 
regelmassig vor sich, und viele normale Tetraden werden daraus 
gebfldet. Im Gegensatz dazu treten in den tetraploiden Sporenmutter- 
zellen viel weniger normale Teilung als tripolige auf. 



Textfig. 2. Metaphasische Kemplatten der ersten meiotischen Teilung der 
Sporenmutterzellen von P, nudum (a, diploide Rasse, b, und c, tetraploide 
Rasse). xlOOO. 

a, Polansicht der 52 chromosomigen Platte, b, Polansicht der 104 chro* 
mosomigen Platte, c, Seitenansicht der dreitelligen Platte. 

Es ist schon bekannt, dass sich unter nahe verwandten Rassen 
oder Arten das Volumen der Kerne gemass der Erhohung der 
Chromosomenzahlen vergrossert. Die unten wiedergegebene Tabelle 
zeigt dieses Verhaltnis auch ganz klar. Die Messung ist in der 
Diakinese ausgefiihrt worden. 



Chromosomen* 

zahl 

Kemdurch- 

messer 

r» 

- m Jer 

gebrauchten 

Zellen 

Diploide Rasse 

52 

19.73 n±I. 86 |i 

296.06 (t 

227 

Tetraploide Rasse 

104 

25.62 |i±2.00n 

648.60p 

223 


Dass die tripoligen Teflungen, zusammen mit anderen Abpormitaten, 
durch experimentelle Behandlung hervorgerufen werden, ist von ver- 
schiedenen Autoren schon wiederholt. berichtet. warden. Ich wade 
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hier mar einige FSJie, wo die tripolige Teilung bei meiotischen Teilun¬ 
gen auftritt, anfiihren. Durch Chloralisierung hat Sakamura (1920) 
tripolige Teilung in der heterotypen Metaphase der Pollenmutterzellen 
von Vida faba gefuaden. Solche Falle and femer von Michaeus 
(1926) in durch KUte beeinflussten PoUennjuttertdlen von Epilobium 
bei hetero- und homootypen Teilung und von Yamaha (1927) in mit 
Athylather behandeltea heterotypen Metaphasen von Daphne odora 
beobachtet worden. Fukudas Untersuchungen nach (1927) treten 
diese Teilungen bei einigen Rassen der Kartoffelpflanze bei abnormen 
hetero- und hombotypen Teilungen, die aber bei niedriger Temperatur 
normal stnd, u haufig ein. Heitz (1925) hat aqch tripolige Teilungen 
in den Polleniputterzsellen von Melandriwn album gefunden und meint, 
dass auf.diese Webe spater auch Zwitter aus die9er Pflanze hervor- 
gehen wiirden. 

In den ersten Metaphasen der Sporenmutterzellen der tetraploiden 
Rasse von P. nudum treten sehr deutlich tripolige Spindeln auf 
(Textfig. 2. c). Obwohl schon von vielen Forschern verschiedene 
Abweichungen in den Kernteilungsvorgangen aufgewiesen wurden, 
scheint es mir doch der Miihe wert, das quantitative Verhaltnis einer 
Abnormitat zu beriicksichtigen. Ich hatte bei dieser tetraploiden 
Pflanze gute Gelegenheit, das Zahlenverhaltnis beim Auftreten der 
tripoligen Teilung zu beobachten. Wie die unten beigefiigte Tabelle 
zeigt, 1st es sehr auffallend, dass es da beinahe 80^ tripolige Teilung 
gibt. 


_ Nr. der Prlparate 

Teilungsmodus ^ 

I. 

II. 

III. 


■a 

Bipolige Teilung 

60 

20 

44 

114 

20.14 

Tripolige Teilung 

141 

94 

217 

462 

79.86 


Zunachst will ich mit einigen photographischen Bilderti die Vor- 
gange der tripoligen Kernteilung erlautem. Die Prophase verlauft 
regelmassig; danach ordnen sich die Gemini in drei Teile. Aus PI. 


l) Stow, 1. 1927* A cytologies! study on pollen sterility in Solatium tuberosum L. 
Jap. Journ. of Bot VoL 3, pp. 217-238. 
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XV, Fig. 7, Textfig. 2. c und Textfig. 3. a liisst sich der Ordnungsstand 
der Gemini leicht erkennen. Die zwei ersteren vergegenwartigen die 
Seitenansichten der ersten Metaphase, wo die Gemini A fdrmig gesam- 
melt und deutlich tripolige Spindeln gebildet sind Diese Bilder konnen 
als Sammlung von drei Teilungsfiguren, deren Spindeln in dr<M Bolen 
zusammengekommen sind, betrachtct werden. In Textfig. 3. a werden 
ausser zwei solchen Seitenansichten vier andere Ansichten der drei- 
teiligen Kernplatten ge/eigt, wo die Pol- und etwas schrage Seitenan- 
sicht der halbmondformigen Plattchen nebeneinander liegen. Im Pra- 
parate wird durch Anderung der Kinstellung das dntte Plattchen ohne 
Schwierigkeit erkannt. Mit Fortschreiten des Teilungspro/esses trennen 
sich die anaphasischen Chromosomen voneinander und wandern all- 
mahlich nach den drei Polen (PI. XV, Fig. 8 und 9) ah. Infolgedessen 
haben die Interkinese/ellen drei Kerne, dann kommen drei homdotype 
Kernplatten in einer Zelle vor (PI. XV, Fig. 10 und 11). 



b 


Textfig. 3. a, Ein Tell des Sporangiums Seths dreiteilige Keinplation und 
viele dreikernige Interkinesezellen sind zu sehen x250. b, Sporcnhexaden, die 
durchs Deckglas etwas verdeckt sind (Essigkarmt ipraparat) ra x 150 

Wie nach Obenerwahntem zu erwarten ixt, erscheinen nach Vollem 
dung der homootypen Teilung viele Hexaden (Textfig. 3. bh Wenn 
die zur Zahlung verwendeten Zellen auch wenig sind, so geniigt wohl 
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die folgende Tahelle doch, das Zahlenverhaltnis ini Vorkommen der 
Tct radon, Pentaden, Hoxaden, u. s. w. zu zoigen. 


Zahlen der in eincr Zellc 
enthaltene Kerne 

4 

.5 

0 

7 

8 

9 

10 

Zahlen der Zellen 

35 

40 

75 

17 

6 

•> 

1 


Die Zahlung erfolgte boim Essigkarminpraparat. Es orsehoint 
etwas verwunderlich, dass fiinfkernigo Zellen ziemlich haufig vorkom¬ 
men. Das diirfte auf der normalen homiiotypen Teilung dureh Zor- 
streuung der Chromosomon sowio auf der Verschmel/ung der zwei 
Kerne bci dieser tripoligon Teilung beruhen. 

Die reifen Sporen dieser tetraploiden Rassr scheinen moistens so 
gesund wie die der diploiden zu sein. Wenn aus diesen Sporen fertile 
Naehkommen geziichtol werden kiinnten, so wiirden sie goeignetcs 
Material zur Klarung versehiedener Fragen der Artbildung lieforn. 

Zum Sehluss sei es mir goslattot, meinern hochverehrlen Lehrer, 
Herrn Prof. Dr. M. Tahaka, fiir seine f round! iche Unterstiitzung 
meinen herzliehen Dank auszusprochen. 

den 10. Marz 1929. 
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erklArung der TAFEL XV. 

Slmtltehe photograph ische Abbildungen wurden mit Hilfe eines LEiTZschen 
mikrophotographisrhen Apparats ausgeftlhrt, unter Benutzung des LEiTZschen 
Achromat-Objektivs 7 und des LErrzschen Feriplanokulars X10. Vergrtisserung 
1000. 

Fig. 1-3. Sporenmutterzeilen der diploiden Rasne von Psilotum 
nudum. (Hakuryft) 

Fig. 1. Diakinese. 

Fig. 2. Heterotype Metaphase in Polansicht. 

Fig. 3. Dasselhe Stadium in Seitenansicht. Bipolige Spindel ist klar zu sehen. 

Fig. 4-12. Sporenmutterzeilen der tetraploide Rasse von PaiUr 
turn nudum. 

Fig. 4. Diakinese. 

Fig. 5. Normale heterotype Kemplatte in Polansicht. 

Fig. 6. Dieselbe in Seitenansicht. Bipolige Spindel ist sichtbar. 

Fig. 7. Dreiteilige heterotype Kemplatte mit tripoliger Spindel in Seitenan¬ 
sicht. 

Fig. 8. Frlihere Anaphase der tripoligen Teilung. 

Fig. 9. Sp&tere Anaphase der tripoligen Teilung. 

Fig. 10. Interkinesezelle mit drei Kemen. Kdmige Scheidewand ist bemerkbar. 
Fig. 11. Homftotype Metaphase mit drei Keraplatten. Eine Polansicht und zwei 
Seitenansichten sind zu sehen. 

Fig. 12. HomOotype Anaphase. 






Embryologie der Liliaceae, mit besonderer 
Rucksicht auf die Endospermbildung. 

I. Melanthioideae und Aletroideae. l) 

Von 

Tomowo Ono. 

(Biologisches Institut der Kaiserlichen T6hoku UniversitUt, Sendai.) 

Uber die Liliaceen gibt es eine betrachtliche Anzahl embryologi- 
scher Arbeiten. Die Embryosackbildung dieser Famiiie zeigt starke 
Variationen. denn Normal-, Codiaeum-, Scilla-, und /.t'/tttm-Typus sind 
bei dieser Famiiie nebeneinander gefunden worden. Dagegen sind 
betreffs der Endospermbildung bis vor kurzem nur nukleare Typen 
entdeckt worden (Schurhoff, 1924). Durch neuere Arbeiten von 
Seeijeb (1924), Ono (1926, 1928 2) ), Schnarf (1928 a, b) und Stenar 
(1928 a, b) ist aber gezeigt worden, dass bei den Melanthi<rideae r 
Asphodeloideae, Lilioideae,' Asparagotdeae-und Aletroideae der betref- 
fenden Famiiie ein helobiales Endosperm vorhanden ist. Das Vor- 
kommen des helobialen Endosperms, mit dem eine Zwischenform des- 
zellularen und nuklearen Endosperms bezeichnet wird, ist fur die 
Phylogenie und das System der Liliaceae sehr bedeutungsvoll. Um 
das oben erwahnte Verhaltnis zu klaren, sind aber noch viele Unter- 
suchungen notwendig. Zu diesem Zweck hat Autor im Laufe der 
letzten Jahre einige embryologische Beobachtungen an einer Anzahl! 
von Arten der Liliaceen gemacht. 

Die Materialien wurden hauptsachlich in Bourns Fliissigkeit fixiert. 
Zur Farbung wurde Heidenhains Eisen-Hamatoxylin od. Safranin- 
Lichtgriin benutzt. 


Melanthioideae. 

Im Jahre 1926 habe ich schon eine embryologische Arbeit iiber 
Heloniopsis breviscapa, die zu den Melanthioideae gehort, veriiffentlicht. 

ONach Englcr, 1888. s > Vortiiafige Mitteilung „ Endospermbildung von Liliaceen”. 
Bot. Mag., Tokyo, 42:445-449. 
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Die bei dieser Unterfamilie ausgefiihrten embryologischen Untersuch- 
ungen seien in unten stehender Tabelle zusammengestellt: 

Typus des Typus des 
Embryosacks 0 Endosperms f) 


Tofiddia calyculata (Seeueb, 1924) 

N 

(H) 

Heloniopsis breviscapa (Ono, 1926) 

N 

(H) 

Zygadenus elegans (Stenar, 1928 a) 

N 

— 

Veratrum album (Stenar, 1928 a) 

N 

(H) 

Gloriosa-Arten (Afzeuus, 1918) 

N 

— 

Tricyrtis hirta (Ikeda, 1902) 

N 

(N) 

Colchicum autumnale (Winawp.r, 1919) 

N 

(N) 


Die Embryosackbildung aller dieser Arten geht normal vor sich, 
wahrend der Endospermbfldungsmodus zum Teil nuklear und zum 
Teil helobial ist. In vorliegender Mitteilung mochte ich einige kiirzlich 
festgestellte oder nachgeprflfte embryologische Resultate bei den 
japanischen Arten von Tofiddia , Narthecium, Methanarthecium, Vera- 
trum und Colchicum, hinzufiigen. 

Tofieldia japonica, Miq. 

Seeueb 0924) hat bei Tofiddia calyculata festgestellt, dass die 
Embryosackbildung normal und die Endospermbildung helobial ist. 
Bei T. japonica verlauft die Embryosackbildung auch normal. Nach 
der Reduktionsteilung werden aus der Embryosackmutterzelle vier in 
einer Linie liegende Megasporen. Die innerste entwickelt sich zum 
8-kernigen normalen Embryosack. Der Zentralkern des Embryosacks 
liegt stets in der N&he der Antipoden. Dies ist eine normale Er- 
scheinung bei den Helobiaetypus-Endosperm zeigenden Pflanzen. Fig. 
1 stellt einen Embryosack dar, bei dem die Befruchtung vollendet ist. 
Der primare Endospermkern teilt sich an derselben Stelle, und der 
Embryosack wird in zwei ungleich grosse Kammern, die obere, grosse, 
mikropylare und die untere, kleine, chalazale Rammer, geteilt (Fig. 
2, 3). Die weitere Entwicklung der beiden Kammern zeigen Figg. 
4-6. Fig. 4 stellt ein etwas entwickeltes Endosperm dar, das durch 
eine dunne Wembran in zwei Kammern geteilt ist. Bei Helonioptia 
breviacapa (Ono, 1926), einer nahe verwandten Art, ist diese Membran 

>>N bedeutet Noimaitypus. S, (H) bedeutet helobiales, (N) nuklebM Endosperm. 
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nicht zu sehen; beide Kammem sind nur durch eine Hautachicht 
voneinander geschieden. In beiden Kammem erfolgen dann freie 



Tofieldia japonic «. Fig. 1-6. Enfctospermbitdung. Fig. 1-4 (x600). Fig. 5-6 
( x 300). 


Ketnteihmgen (Fig. 5 a, b). Das Plasma in der oberen Kammer ist 
zuerst diinn und gleichmassig verteilt, wiihrend das der unteren Kam- 
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met* ofters im Basalteil viel mehr zusatnmengehauft und mit einigen 
hypertrophterten Kernen ausgestattet ist. Solche Plasmaansammlung 
ist besonders klar bei Fig. 6 zu beobachten. Vielzellbildung kommt 
dann im Plasmawandbelag beider Kammern vor, und die Zellen ver- 
mehren sich zentripetal immer mehr. Im fast reifen Stadium findet 
sich sogar homogenes Endospermgewebe, und eine Begrenzung beider 
Kammern ist nicht zu sehen. 

Narthecium asiaticum, Maxim. 

Die Embryosackmutterzelle von N. asiaticum ist oben durch eine 
Zellschicht von der Nuzellusepidermis getrennt (Fig. 7). Nach der 
Reduktionsteilung treten die vier normalen Megasporen auf, und der 
aclitkernige Embryosack entwickelt sich aus der chalazalen Zelle (Fig. 
8-14). Die Verschmelzung der zwei Polkerne findet im unteren Teil 
des Embryosacks statt (Fig. 15), ganz wie bei anderen Helobiaetypus- 
Endosperm z.igenden Arten. Fig. 16 stellt einen fertigen Embryosack 
dar. Die Eizelle im Eiapparat des befruchtungsrcifen Sacks zeigt nichts 
Besonderes. Die Synergiden erscheinen dichter und absorbieren den 
Farbstoff intensiver. Am oberen Ende der Synergiden befindet sich 
je eine Vakuole. Der grosse Zentralkern des Embryosacks liegt in 
der Nahe der Antipoden. Die 3 Antipoden sind einkernig und liegen 
iibereinander im taschenformig auslaufenden Ende des Embryosacks. 
Der Befruchtungsvorgang wurde nicht beobachtet. Die erste Teilung 
des primaren Endospermkerns findet im unteren Teil des Embryosacks 
statt, dann wird der Embryosack in zwei ungleich grosse Kammern 
geteilt, eine mikropylare, grosse und eine chalazale, kleine (Fig. 17, 
18). Die beiden Kammern sind durch eine Hautschicht von Plasma 
getrennt, die aber keine Zellulosemembran darstellt. Im Plasmawand¬ 
belag der oberen Kammer erfolgen dann rasch sich wiederholende 
freie Kernteilungen. Zuletzt wird von der oberen Kammer ein Haupt- 
endospermgewebe gebildet. In der unteren Kammer kommen auch 
mehrmalige Teil ungen vor. Fig. 23 zeigt ein wetter entwkkettes 
Stadium. Im fast reifen Endosperm ist die Rasalkammer vollig mit 
dichter Plasmamasse erfiillt, und diese wird zunachst durch einige 
grosse Zellen quer geteilt. In jeder sieht man einzelne Kerne, welche 
durch Farbstoffe stark gefarbt werden. Pig. 24 a und 24 b zeigen 
2 Wei aufeinanderfolgende Schnittserien der fast reifen Basalkammer, 
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Metanarthecium luteo-virde , Maxim. 

Die Archesporzclle von M. luteo-irirde tritt als verhaltnismassig 
grosse Subepidermiszelle am Scheitel des Nuzellus auf. Nach der 
Teilung der Zelle wird die obere zur Deckzelle und die untere zur 
Embryosackmutterzelle (Fig. 25“ 27). Die Entwicklung des Embryosacks 
verlauft ganz normal, was schon bei anderen Melanthioideen nach- 
gewiesen wurde (Fig. 28-30). Die Polkerne vereinigen sich verhalt¬ 
nismassig friih zu eincm grossen Zentralkern, der in den unteren Teil 
des Embryosacks zu liegen kommt. Leider habe ich die Befruchtungs- 
erscheinung nicht gesehen. Die ersto Teilungsspindel des primaren 
Endospermkerns liegl parallel den Achsen des Embryosacks in seinem 
unteren Teil. Zwei ungleich grosse Kammorn werden dann gebildet 
(Fig. 31). Zwisehen den Kammorn zeigt sich keine echte /ellwand 
(Fig. 32). Fig. 33 zeigt ein weiter entwickeltes Stadium des Endo¬ 
sperms; die obere Kammer ist gewohnlich nuklear, wahrend die 
chalazale eine zweikernige, dichte Plasmammasse darslellt. Der Kern 
der unteren Kammer teilt sich mehrmals. Wenn der Embryo eine 
vielzellige Kugel geworden ist, wird die untere Kammer wie in Fig. 
31 ; in dichter Plasmamasse ordnen sich emige spindelformige Kerne* 
in der Richtung der Langsaehse des Embryosacks, und in der oberen 
Kammer tritt Vielzellbildung ein, wahrend die Zellen der unteren 
Kammer immer mehr vakuolisieren und die Kerne auch Anzeichen 
von Degeneration zeigen (Fig. 35). 

Veratrum Maackii, Reoei.. und V. album , L. var. lobelianum , 
Bak. 

Von den Veratrum- Arten habe ich V. Maackii und V\ album var. 
lobelianum untersucht. Die Embryosackbildung bei V. Maackii geht 
normal vor sich, wie die bei V . album , die Stenar (1928 a) geschildert 
hat. Die embryologischen Einzelheiten dieser Pflanze zeigen Figg. 
36-43. Der Embryosack bei Veratrum ist sehr viel grosser als der 
bei den oben erwahnten Melanthioideen (Fig. 41). Der Eiapparat 
zeigt gewohnliche Gestalt. Die Antipoden sind plasmareich und haufig 
2- oder 1-kernig (Fig. 42). Das Vorkommen mehrkerniger Antipoden 
bei Veratrum und bei anderen Liliaceen (z. B. Gloriosa , Heloniopsi$> 
und Zygadenus) ist schon seit langcm bekannt. Der Endospermcnt- 
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wicklungsmodus ist helobial; der Embryosack ist in eine grosse mikro- 
pylare und eine kieine antipodale Kammer geteilt. Zwischen den 
beiden Kammern tritt keine feste Zell wand auf (Fig. 45). In dem 
Plasmawandbelag der beiden Kammern gehen dann freie Kernteilungen 
vot sich (Fig. 43). Die Zellbildung tritt zuerst in der oberen Kammer 
ein und spater auch in der unteren. 

Bei V. album var. lobelianum habc ich die jiingsten Stadien der 
Embryosackbildung nicht beobachtet, aber es diirfte kaum zu bezweifeln 
sein, dass der Embryosackbildungsmodus normal ist, wie bei V ’ 
Maackii und V. album. Fig. 41 zeigt einen reifen Embryosack. Die 
Antipoden sind zuerst einkernig und vverden spater zweikernig. Dop- 
pelte .Befruchtung kommt bei dieser Pflanze vor (Fig. 45). Stenak 


36 37 3 9 39 4 0 



Veratrum Maackii . Fig. 36-41. Embryosackbildung (x450j. Fig. 42. 2- od. 
4-kcrnige Antipoden (x450). Fig. 43. Junges helobiales Endosperm rx300). 
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(1928) hat seinerzeit bei V. album das jiingste Endospermstadium 
nicht beobachtet. Die vorliegenden Figuren 46 und 47 bei V. album 
var. lobelianum bieten einen Ersatz dafiir. Die erste Teilung des 
primaren Endospermkems erfolgt parallel zur Embryosackachse, zwi- 
schen den zwci gegliederten Kammern entsteht nie eine feste Zell- 
membran. Die zweiten Teilungsspindeln treten sogar senkrecht zucin- 
ander auf (Fig. 47). Fig. 48 zeigt einen weiter entwickelten Embryo- 
sack, dcssen Eizelle zweizellig ist, und in dessen oberer wie unterer 
Kammer sich etwa 6 freie Kerne befinden. Das Plasma der basalen 
Kammer ist viel plasmareicher als das der oberen, und im Zentrum 
der Kammer befindet sich eine Vakuole. Die weitere Entwicklung 
erfolgt fast wie bei V. album von Stknar (1928 a). 



Veratrum album var. lobelianum. Fig. 44. Fertiger Rmbryosack (x 225). 
Fig. 45. Doppelbefruchtung (x225). Fig. 45-48. Endospermbildung (x225). 


Tricyrtis hirta , Hook, und T. latifolia , Maxim. 

Die Entwicklungsgeschichte bei T. hirta wurde schon von Ikeda 
(1902) untersucht. Die Ergebnisse dieses Autors stimmen mit denen 
meiner eigenen Untersuchungen iiber T. hirta und T* latifolia uberein. 
Von den vier Makrosporen entwickelt sich die unterste zum acht- 
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kernigcn normalen Embryosack. Beim friiheren Stadium der Endo¬ 
spermbildung findet man don ganzen Embryosack voll von Plasma 
und mit vielen freien Kernen. Die ZellteHung tritt da erst spater 
ein, was also sehr ahnlich wie bei Elanthis von Dahlgren (1924) ist. 

Colchicum autumnale y L. 

Heimann-Winawer (1919°) hat diese Pflanze schon embryologisch 
untersucht und mitgeteilt, dass der achtkernige Embryosack normal 
gebildet wird und die Endospermbildung nukleiir ist. Ich habe die 
Endospermbildung dieser Pflanzc nochmal untersucht. Das Material 
stammt aus dem Botanischen Garten zu Tokyo. Fixierung geschah 
im Friihling. Ein schones, nukle’ares Endosperm zeigte sich; im 
unteren Teil des Embryosacks wurde nie eine Basalkammer beobachtet. 

Aletroideae. 

Aletris foliata , Franch. 

In der Literatur finden sich keine Angahen iiber die Kmbryologie 
bei Aletroideae. Als Vertreter dieser Unterfamilie habe ich Aletris 
foliata untersucht. Der Fruchtknoten dieser Pflanze ist dreifacherig, 
und oberhalb des Fruchtknotens finden sich viele Driisenzellen (Fig. 
57). Die Samenanlage ist crassinuzellat; oberhalb der grossen Em- 
bryosackmutterzelle findet sich eine einzige Zellschicht von Deckzellen 
(Fig. 49). Der Embryosack wird nach dem Normaltypus gebildet, 
d. h. die basale Tetradenzelle verdrangt die oberen und wird zum 
achtkemigen Embryosack (Fig. 50-53). Fig. 54 zeigt einen fertigen 
Embryosack. Die Vereinigung der Polkerne findet im unteren Toil 
des Embryosacks statt, und daher liegt der Zentralkern des Embryo- 
sacks stets an derselben Stelle. Einmal habe ich einen wurmformigen 
Spermakern neben dem Zentralkern gesehen. Der Endospermbildungs- 
modus ist helobial. Die erste Teilungsspindel des primaren Endo- 
spermkerns kommt im unteren Teil des Embryosacks vor. Urn die 
Spindel findet sich reichlfch Plasma, im iibrigen aber ist der Embryo¬ 
sack ziemlich plasmaarm. In der Anaphase der Kernteilung treten 
Phragmoplasten auf, aber zwischen den dadurch geteilten zwei Zellen 

^Zitiert nach SchOrhokf (1926') und Schnarf (1928). 
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Aletns fohuta. Fig. 19 -51. Kmbryosackbildung (x300j. Fig. 55-56. Endo* 
spermbildung (x .300). Fig. 57. Eiik* Drlisenzellc (xfiOO). 



wire! koine echte Zcllulosemcmbran gobildet. Im Korn der oboren 
Zelle erfolgen wiederholt freie Kernteilungen im Plasmawandbelag. 
Dio basale Zello zeigt dann aber Anzoichon von Degeneration. Leider 
habe ich koine woitere Kntwicklungsstadien erhalten. 

Die oben geschilderten embryologischen Resultate bei einigen 
Pflanzen von Melanthioideae und Aletroideae seicn unten als Tabelle 
zusammengestellt: 
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Melanthioideao 

Typus des 
Embryosaeks 

Typus des 
Kndosperms 

Tofieldia japonica , Miq. 

N 

(H) 

Narthecium asiaticum, Maxim. 

N 

(H) 

Metanarthecium luteovirde, Maxim. 

N 

(H) 

Veratrum Maackii , Rebel. 

N 

(H) 

V. album , L. var. lobelianum , Bak. 

— 

(H) 

Tricyrtis hirla , Hook. 

N 

(N) 

T. latifolia, Maxim. 

N 

(N) 

Colchicum autumnale , L. 

- 

(N) 

Aletroideae 

Aletris foliata , Franch. 

N 

(H) 
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Studies on the Hepaticae of Japan. II. 


By 

Yoshiwo Horikawa. 

(Biological Institute, T6hoku Imperial University, Sendai.) 
(With Plates XVI-XVIII & 15 Text-Figures.) 


Genus: FIMBRIARIA Nees (1820) 

Syn. Asterella Pal. Beauv. (1810) 

Hypenantron Corda (1829) 

Fimbriaria Yoshinagana Horikawa, sp. nov. 

(PI. XVI.) 

Dioica, mediocris, valde flaccida, dilute viridis, lucida, margine 
postieeque, purpurea, tenuis. Frons ad 20 mm. longa et 4 mm. lata, 
dichotoma, plana margine iundulata, apice emarginata; alae tener- 
rimae. Costa fronde 6-plo angustior postice late convexa, alis ubique 
aequicrassis, margine unicellulas latis. Stratum anticum costae duplo 
humilius in medio, cavernis amplis; fila libera nulla. Stomata parum 
convexa, poro 33 /* in diametro, 6 cellulis biscriatis formata. Cellulae 
epidermidis haud incrassatae, tenorae, trigonis parvis incrassatis. 
Squamae posticae remotae, parvae, purpureae, late lunatae, appendiculo 
longe ligulato apice acuto vel obtuso. Carpocephala parva, 3-4 mm. 
in diametro, disciformia, subhorizontalia, viridia, papulosa, lobis 2-1, 
obtusis; perianthia oblongo-ovata, flava, subhorizontaliter patula, ad 
basin fere 7-8 fida; capsula flavo brunnea. Pedunculus ad 10 mm. 
longus, validus, basi purpureus, superne stramineus, in sectione ir- 
regulariterque costatus, unisulcatus, basi et apice barbatus, paleis 
hyalinis sublinearibus. Sporae 78-92/* in diametro, rufo-brunneae, 
reticulatim alatae, alis crenatis. Elateres 157-263/* longi, 6.4-8.6/* 
Iati, flavo-brunnei, tenues et attenuati, spiris duplicatis filiformibus. 

Fr. August. 

Hab . On soil deposited in the cracks of sericite-schists in sunny 
places. 
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Loc . 

Shikoku: Masunokawa-yama, Hongawa-mura, prov. Tosa (T. 
Yoshinaga, no. 2-type, Aug. 1928). 

Distrib. This species endemic*. 

Dioicous. Xerophyte. Plants growing in extended pale green, 
shiny patches. Thallus 3-4 mm. broad and 12-20 mm. long, dichoto- 
mously branched, frequently overlapping, very tender, flat with some¬ 
what undulate margins, the apex emarginate. Dorsal surface with 
somewhat distinct larger elongated areolae; epidermis composed of 
5-7-angled cells with thin walls, mostly 30-34 /* wide (averaging 32 /*) 
and 46 63// long (averaging 54/*), some cells containing oil-bodies. 
Rhizoids rather long, scanty, colourless, 15-21 /* in diameter, both 
smooth and tuberculate ones mingled. Midrib 6-times narrower than 
the thallus, convex below, usually the cells in the middle part with 
purple walls, rather suddenly passing into the 2-celled layered lamina, 
ending in a 1-celled margin. Antical layer low, about half the thick¬ 
ness of midrib, lacunae rather well developed, spaces not high without 
filaments. Pores simple, slightly elevated, mostly 33 /* in diameter, 
with 2 concentric rings, each ring being composed of 6 cells. Ventral 
scales distant, tender, in one row on each side of the midrib, purple, 
broadly lunate, appendage ligulate in outline, acute or obtuse at the 
apex. receptacle small, 3-4 mm. in diameter, disciform, green and 
papilose, composed of 2-4 (usually 4) horizontal, obtuse lobes; perianth 
arising from the ventral surface of the receptacle-lobes, deeply divided 
into 7-8 pointed and yellowish lobules, each enclosing a single capsule; 
capsule dehiscing at maturity longitudinally by irregularly brownish- 
yellow valves. Capsule-wall consisting a single layer of cells without 
annular thickenings. Peduncle of receptacle from the apex of a 
branch, 6-10 mm. long, valid with one ventral furrow, purple at lower 
part, surrounded by sublinear hairs on both lower and upper ends. 
Spores 78 92/* in diameter, reddish-brown, regularly or somewhat 
irregularly reticulate, the lamellae low, the areolae 5-6-angled; margin 
paler in colour, 10-11/* broad. Elaters 157-263/* long and 6.4-8.6 /* 
wide, slender and bended, with 2 narrow brownish-yellow spires; 
rarely branched. 
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Genus: CONOCEPHALUS Neckek (1791) 

Conocephalus Neckf.r, Element. Bot. Ill, p. 344 (1791); Schiffni rt, in En<.i.kr u. 
Prantl, Natiirl. Pflanzenfam. Teil I, Abt 3, p 34(1893); Steimiani, Spec Hepat. Vol. 
I, p. 214 (1899). 

Fegatella Raddi, Opusc. scientif. di Bologna II, p. 356(1818); Muiuk, in Karen* 
horst's Kryptogamen-Flora, Bd- 6, Abt. 1, p. 280 (1907) 

Thallus dichotomously branched or alternately pinnate; areolae 
distinct, mostly hexagonal, stomata simple and elevated. Photosynthetic 
layers low, terminal cell of the chlorophyll-bearing filaments in these 
layers colourless, forming a beak. Peduncle of receptacle from 
the apex of a branch, long with a single rhizoid-furrow; receptacle 
obtusely conical or campanulatc, almost entire, composed of f>-8 tubular 
involucres, each enclosing a single* sporogonium. Perianth absent. 
Capsule with rather long pedicel, clavate-pyriform, dehiscing at maturity 
by throwing off an apical cap, the remainder splitting longitudinally. 
Spores large, papillose, multi-cellular, beginning to germinate while 
still within the capsule. Klaters 2-4-spiral, bluntly fusiform. £ recep¬ 
tacle disciform, sessile at apex of a branch, later becoming more 
elongated, surrounded by the dorsal layers of the thallus. 

The following two specie's have' been recognized in this genus. 

Thallus very large', perennial and dark green ; areolae large; ne> 
collar-shaped fold surrounding the base of the peduncle' of ree ep- 
tale; £ receptacle disciform; gemmae absent . .C. conicus 
' Thallus smaller, annual and yellowish-green; areolae smaller; 
collar-shaped fold at tho base of the peduncle of receptacle; $ 
receptacle more elongated ; gemmae abundant in autumn. .. .C. supra - 
decompositus . 


Conocephalus conicus (L.) Neckek 

(Text-Fig. 1) 

Marchantia conica Linnk, Spec, plant. II, p 1604 (1763). 

Conocephalus conicus Necker, Klein. Bot. Ill, p. 314 (1791); Miyake, in Maisu- 
mura et Miyoshi, Cryptog. Jap. Vol. I, No. 4, PI. XX (1899). 

Conocephalus vulgaris Bisctioff, Nova Acta Acad. Caes. Leop. Carol XVII. 2. 
Conocephalus nemorosus HObener, lIepati«*ol Germ., p 9 (1834). 

Fegatella officinalis Raddi, Opusc. scientif. di Bologna II, p. 356 (1818' 

Fegatella conica Corda, Opiz, Beitr. I, p. 649 (1829); Tsugk, Hepat. Jap. (mss.) p. 
30, PI. XV (1887). 
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Hepatica conica Lindberg, Hepat. utveckl. p. 5 (1877). 

Dioicous. Mesophyte or hygrophyte. Growing in extended dark 
green, shiny layers. Thallus 0.8-2 cm. broad and 11-23 cm. long, 
dichotomousiy branched, firm and leathery, sometimes more or less 
pigmented with purple on lower surface, flat with somewhat undulate 
margins, the apex emarginate. Dorsal surface with distinct large 
areolae forming a regular network; epidermis composed of 5-7-angled 
cells with distinct trigones, mostly 30-51 ji wide (averaging about 38 /*) 
and 61-110/i long (averaging about 87 ft). Pores (with their surroun¬ 
ding cells) simple, elevated, visible to the naked eye, mostly 184-302 f J 
wide and 302-368 /i long, with 5-6 concentric rings, ^ach ring usually 
being composed of 6-7 cells. Rhizoids numerous, colourless and smooth. 
Air-chambers low, their boundaries distinct, occupying about 1/5 of 
thickness in the middle and almost all of it in the marginal portion, 
photosynthetic filament 2-5 celled, beak-cell narrower toward the apex. 
Midrib more or less prominent below; compact ventral tissue mostly 
21-24 cells thick in the middle, oil-cells and mucilage-cells are well 
developed, some cells with distinct streak-shaped pits; somewhat 
suddenly passing into larger cells of the lamina, ending in a 1-celled 
margin. Ventral scales rather distant, tender, in one row on each 
side of the midrib, with a violet, reniforin or orbicular appendage. 
-?• receptacle obtusely conical, almost entire, brownish-yellow, composed 
of 5-8 tubular involucres, each enclosing a single sporogonium. 
Peduncle of receptacle from the apex of a branch, with a single 
rhizoid-furrow, 46-87 mm. long, hyaline except for the purple base. 
Capsule clavate-pyriform, apex rounded, dehiscing at maturity by 
throwing off an apical cap, the remainder splitting longitudinally by 
8 reflexed valves. Capsule-wall of a single layer of cells except at 
the apex, with yellowish annular thickenings. Spores 92-132 ft in 
diameter (averaging 116//), brownish yellow, papillose. Elaters short 
and very variable in breadth, usually 10.5-25.5 /< broad and 144-328 ft 
long with 3-5 brownish-yellow spires. £ receptacle at first green, 
later purple, sessile and disciform, its longitudinal diameter parallel to 
the thallus-axis, surrounded by the dorsal layers of thallus. Gemmae 
absent. 

Fr. April. Sexual organs ripen in May. 

Hab. On moist rocks and soil in shady places. 




Text-Fig. 1. Conocephalus vonicus (L.) Nki ker 
1. Part of thallus with mature sporophyte in natural size. 2. Cross section 
of part of thallus including a pore, x 144. 3. Marginal portion of thallus. in 

cross-section, x 144. 4. Marginal part of thallus, upper view, x8. 5. Muulage 

cell, in cross-section, x233, 6. Cross-section of peduncle, Xl2, a. near apex, 
b. near base. 7. Sporogonium, x8. 8. Inner cell-wall of capsule, x233 9. 

Spore, X 233, a. surface view, b. optical section. 10 £ receptacle, in longitudinal 
section, x8. 
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Iak. 

Hokkaido: 6numa, prov. Oshima (Y. Horikawa, no. 1343, Nov. 
1928). 

Honshiu : Asamushi, prov. Mutsu (Y. Horikawa, no. 770, July 

1927) ; Mt. Hakkocfe (900 m., Shukayu), prov. Mutsu (Y. Horikawa, 
no. 1222, July 1928) ; Nohezi, prov. Mutsu (Y. Horikawa, no. 757, 
July 1927) ; Tsuta, prov. Rikuchu (Y. Horikawa, no. 1275, Sept. 

1928) ; Hiraizumi, prov. Rikuchu (Y. Horikawa, no. 1184, May 1928); 
Sendai, prov. Riku/en (Y. Horikawa, no. 260, March 1927) ; Deyu, 
Kitakanbara-gori, prov. Echigo (M. Shimakura, July 1927) ; Yukvu, 
the hill, Koshi-gori, prov. Echigo (M. Shimakura, Sept. 1927) ; Mt. 
Kiyozumi, prov. Awa (T. Makino, Apr. 189(5, in Herb. 2nd Higher 
School) ; Hakone, prov. Sagami (S. Komatsu, Aug. 1906, in Herb. 
2nd Higher School) ; Fukuosan, Mie-gori, prov. Ise (Y. Murata, in 
Herb. Imp. Univ. Tokyo, no. 6, Nov. 1911); Takahashi-machi, prov. 
Bitchu (M. Inumaru, no. 2, Nov. 1928) ; Tamakawa-mura, Kawakami- 
gori, prov. Bitchu (M. Inumaru, no. 6, Dec. 1928) ; Hiroshima, prov. 
Aki (Y. Horikawa, no. 144, Feb. 1921) ; Insl. Miyajima, prov. Aki 
(Y. Horikawa, no. 645, Apr. 1927); Iwakuni, prov. Suou (Y. Hori¬ 
kawa, no. 286, March 1927). 

Shikoku : Sakawa-machi, prov. Tosa (T. Yoshinaga, no. 1245, 
July 1928). 

Kiushiu : Aida, prov. Higo (K. Maykbara, no. 1, Feb. 1927); 
Aoshimamura, prov. Hiuga (Y. Horikawa, no. 358, Apr. 1927) ; Mt. 
Aoi-dake, prov. Hiuga (Y. Horikawa, no. 431, Apr. 1927) ; Mt. Kiri- 
shima, prov. Osumi (Y. Horikawa, no. 487, Apr. 1927) ; Kagoshima, 
prov. Satsuma (Y. Horikawa, no. 537 Apr. 1927). 

Distrib . Europe, Siberia, Caucasus, Himalaya, China, Alaska, 
North America, and Azores, Madeira, Canary Islands. 

Conocephalus supradecompositus (Lindb.) Stkphani 

(Text-Figs. 2-3) 

Sandea supradecomposita Ljndbkru, Acta Soe. F. FI. Fenn., II, no. 5. 
Conocephalus supradecompositus (Ijndb.) Stephani, Bull. Herb. Boiss. Vol. V, p. 
83 (1897); Okamijra, in Marino’s Nipp. Shokub. Dzukwan, p. 1254 (1925). 

Fegatella sp. Tsuge, Hcpat. Jup. (mss.) p. 33 (1887). 

Dioicous. Mesophyte. Growing in densely caespitose, yellowish 
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green patches. Thallus not shiny, 2-3 mm. broad and 25-30 mm. long, 
repeatedly dichotomous, sometimes alternately pinnate, somewhat firm, 
flat with dentate lobed margin. Dorsal surface with indistinct small 
areolae forming a regular network; epidermis compost'd of 5-7-angled 
thin-walled cells, mostly 51-55 /* with' (averaging about 53 ft) and 74- 
104/* long (averaging about 97/*). Pores (with their surrounding 
cells) simple, elevated, visible to the naked eye, mostly 79-158/2 long 
and 66-118/* broad, with 6-7 concentric rings of cells, the innermost 
ring composed of 6-7 cells. Rhizoids numerous, colourless and smooth. 
Air-chambers low, their boundaries distinct, usually occupying about 



Text-Fig. 2. Gicming-habil of Connerphnlus supratlrn.jn - 
pnsttus (Ijnimi.) SrheiiANi, bearing numerous ni.ilure £ 

Imlos in natural si/p. 


1/6 of thickness in the middle and almost all of it in the marginal 
portion, photosynthetic filament 1-3 celled, beak-cell being broader. 
Midrib prominent below; compact ventral tissue mostly 13-16 cells 
thick in the median portion, mucilagecells are well developed, some 
cells with distinct streak-shaped pits; somewhat suddenly passing into 
larger cells of the lamina, ending in 1- or 2-celled margin. Ventral 
scales rather distant, tender, in one row on each side of the' midrib, 





Y. HOR1KAYVA 


102 

with a violet, orbicular appendage*. Capsule clavate-pyriform, apex 
pointed, dehiscing at maturity by throwing off an apical cap, the 
remainder splitting longitudinally by irregularly 8 reflexed valves. 



Text-Fur. 3. Conocephalus supradecnmpnsitus (Ij\l>B.) Stkphani 

J. llafut of plant with mature spoiophvtes in natural si/e 2. Cross-section 
of part of tli.ilItis including a pore, xltl .‘J, Mniginal portion of thallus, in 
cross-section, xlH -V. Marginal part of thallus, surface view, x8. 5. Cross- 

section of -V peduncle x 12. a near apex, b. near base 0. Sporogonia, x8 7. 
Inner cell-wall of capsule, "<233. 8 Spores, X233, a. surface view, b. optical 

section. 9. Habit of plant with a young sporophyte and many gemmae-branches 
in natural si/e. 10. A part of ditto, ventral view, x 12. 11. Cemmae, X 12. 
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Capsule-wall of a sinj^U* layer of cells except at the apex, with brow¬ 
nish-yellow annular thickenings. ? receptacle campanulate, almost 
entire, brownish, composed of 1-8 tubular involucres, each enclosing 
a single sporogonium. Peduncle of 4- receptacle from the apex of a 
branch, with a single rhizoid-furrow, 25-12 mm. long, hyaline but 
purple below The base surrounded by collar-shaped elevated fold of 
the thallus. Spores 66 82.5/' (averaging 72 /*) in diameter, yellowish- 
brown, minutely papillose. Klaters relatively short and variable in 
breadth, 8.5 21.3 /* broad, 52.5-289/* long, with 2 5 yellowish spirt's. 
Gemmae are produced numerously in autumn at the* top of short 
branches, lenticular, broader than long, dark purple. 

Fr. April. Both and £ sexual organs are ripe in August. 
Hab . On moist shady soil in gardens, banks and sides of ditches. 
hoc . 

Hondo: Asamushi, prov. Mutsu (Y. Hoiukawa, no. 771, July 
1927); Nohezi, prov. Mutsu (Y. Hokikawa. no. 711, July 1927); 
Sendai, prov. Rikuzen (Y. Hoiukawa, no. 261, March 1927 & no. 
1161, May 1928) ; Isl. Katsura-shima, prov. Rikuzen (Y. Hoiukawa, 
no. 780, July 1927); Osawa-mura, prov. Rikuzen (M. Siiibata, no. 
1015, Oct. 1927); Nagaoka, prov. Echigo (M. Siiimakiika, Sept. 1927); 
Tokyo (T. Makino, Sept. 1897, in Herb. 2nd Higher School); Mt. 
Kiyo/umi, prov. Awa (S. Komatsu, Aug. 1906, in Herb. 2nd Higher 
School); Hnkone, prov. Sagami (A. Yasuda, Aug. 1905, in Herb. 2nd 
Higher School); Chikusa-mura, Mie-gori, prov. Ise (Y. Mukata, in 
Herb. Imp. IJniv. Tokyo, no. 5, Nov. 1911); Takahashi-machi, prov. 
Bitchu (M. Inumaiui, no. 3, Nov. 1928) ; Hiroshima, prov. Aki (Y. 
Hoiukawa, no. 4, Sept. 1922). 

Shikoku: Sakawa-maehi, prov. Tosa (T. Yoshinaga, no. 1217, 
July 1928); Kochi, prov. Tosa (T. Yosiunaga, no. 1216, July 1928). 

Kiushiu : Kumamoto, prov. Higo (Y. Hoiukawa, no. 631, Apr. 
1927); Aida, prov. Higo (K. Mayebara, no. 27, March 1927); 
Miyakonojo, prov. Hiuga (A. Noguchi, no. 1, Aug. 1927), Aoshima- 
mura, prov. Hiuga (Y. Hoiukawa, Apr 1927); Kagoshima, prov. 
Satsuma (Y. Hoiukawa, no. 538, 573, Apr. 1927). 

Distrib . China (prov. Shenshi). 
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Genus : LUNULARIA Michku (1729) 

Lunularia cruciata (L) Dumortiek 

(Text-Figs. 1-5) 

Marchantia cruciata Linnk, Spec. plant II, p. lfiCH (1755). 

Lunularia vulgaris Michku, Nov. plant, gen.. p. I (1729X 

Lunularia irunata (L/) Dum., Sciiim-nmi, in Enc.i.kr 11 . Puanii., Natiirl. Pflan/on* 
fam., Toil I, Aht. 5, p. 55 (1895); Sithiani, Spec. IIcpul.. Vol. 1, p 145 (1899h 

Dioicous. Mosophyte. In extended, dense, intense green and 
shiny layers, becoming brownish-yellow with age. Thallus 0.4- 
0.8 cm. broad and 1.5 2 cm. long, obcordate and cmarginate at the 
apex, slightly concave, margin descending, sinuate. Dorsal epidermis 



Text-Fig. 4. Growing-habit of Lunularia cruciata (I..) Dhm., bcannglnume¬ 
rous crescent-shaped cupules in which arc produced gemmae in natural sue. 


composed of 5-7-angled cells with thickened or thin walls according 
to the condition of habitat, mostly 17-23.4/* wide (averaging about 
21/*) and 34-53/* long (averaging about 42.5/*). Pores (with their 
surrounding cells) simple, highly elevated, me tly 78.8-98^/* wide and 
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105-131 n long, with 4-5 concentric rings, each ring being usually 
composed of 6 hyaline cells. Rhizoids numerous and colourless, smooth 
or tuberculate. Air-chambers relatively well developed, their boundaries 
distinct, occupying about 1/5-1/4 of thickness in the middle and almost 
the whole in the marginal portion. Midrib more or less prominent 
below; compact ventral tissue mostly 16-20 cells thick in the middle, 
oil-cells distinct and scattered, gradually passing into the lamina, ending 
in a 1-celled margin. Ventral surface green, scales in one row on 



Text*Fig. 5. Lunulana cruciata (L. ' Dumortiek 
1. A thallus with crescent-shaped cupule and t receptacle, in natuial sue. 
2. ('loss-section of thallus, x 12. 3. A por« .urfa<e view, x 233. 4 Ditto, in 

cross-section, X 233. 5. Cross-section of marginal portion of thallus, X 233. 6. 
Cells from middle part of thallus including three oil-bodies, in cross-section, 
X 114. 7. I^ongitudinal-section of receptacle, X 16. 8. Marginal portion of cupule, 
xlH. 
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each side of the midrib, hyaline, very tender, broadly lunate with a 
rotundate appendage and several oil-cells. $ receptacle sessile, disci¬ 
form at the apex of a short branch, becoming apparently lateral, 
surrounded, except in front, by the elevated border of the thallus. 
Gemmae numerous in semi-lunular cupules having entire margin of a 
fold of the epidermis on the postical side, lenticular, vertically inserted, 
with a 1-celled hyaline pedicel and a closed sinus at each side. 
Antheridia ripe in November-December. 

Hab . On moist soil in flower-pots and gardens. 

Loc. 

Hondo: Sendai, prov. Rikuzen (Y. Hokikawa, no. 258, Feb. 

1927) ; Koishikawa Botanical Garden, Tokyo (Y. Horikawa, Jan. 

1928) ; Hiroshima, prov. Aki (Y. Horikawa, May 1923). 

Distrib . Europe, Persia, Africa, North America, South America, 
Australia and Azores, Madeira, Canary Islands. 

Remarks. This genus, being composed of a single species, can be 
easily recognized from the other closely related genera by the crescent¬ 
shaped cupules, which are almost always present. So far as the author 
has observed, in our country the plants are either $ or sterile, and 
plants are yet undiscovered. The genus is new to Japan. 

Genus: CHOMIOCARPON Lindberg (1877) 
Chomiocarpon quadratus (Scop.) Lindberg 

(Text-Fig. 6) 

Man hunt ta quadrata Scopoli, FI. Cam., p. 120 (1760). 

Marchantia commutata Lindsnberg, Syn. Hep., p. 101 (1829). 

Prussia quadrata Neks, Eur. Leb. IV, p. 135 (1838). 

Premia commutata Nees. Eur. Leb. IV, p. 117 (1838); Stephani, Bull. Herb. Boiss. 
Vol. V, p. 82 (1897). 

Chomiocarpon quadratus (Scow) Lindberg, lie pat. utveckl. p. 6(1877); Schiffner, 
in Engekr u. Prantl, Natilrl. Pflanzenfam. Toil I, Abt. 3, p. 36 (1893). 

Dioicous or monoicous. Mesophyte. Growing in rather extended 
pale green patches. Thallus attaining to 25 mm. in length and about 
8 mm. in breadth, ligulate, furcate, margin thin, crenulate and purple. 
Dorsal epidermis composed of 5-7-angled cells with thin walls, mostly 
31-47 p in diameter (averaging about 39 p). Pores (with their sur¬ 
rounding cells) compound, small but distinct to the naked eye, usually 
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78-131 /i long and 64-96 wide, with 4-5 superimposed concentric 
rings of cells, each ring being usually composed of 4-6 cells. Rhizoids 
numerous, 15-32 wide, colourless, smooth, rarely mingled tuberculato 
ones. Air-chambers distinct, filled with chlorophyll-bearing filaments. 
Midrib prominent below; compact ventral tissue mostly 23-26 cells 



Text-Fig. 6. Chomiocarpon quadratus (Scop.) Lindhkki; 

1. Habit of plant with mature sporophytes, in natural size. 2. A thallus 
with t receptacle, in natural size. 3. A pore, m surface view, X233. 4. Ditto, 
in cross-section, x233. 5. Cells from the middle part of thallus including two 

sclerotic-fibres, m cross-section, x460. 6. Cross-section of thallus, somewhat 

diagrammatized, X 16. 7. Peduncle of receptacle, in cross-section, X 33. 8. Inner- 
wall of capsule, x233. 9. Spore, x233. 
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thick in the median portion, the walls thin, some longitudinal brown 
fibrous cells present, usually with 2 bundles of cells infected with 
hyphae on each side of midrib, the cells here have purple walls, rather 
suddenly passing into the lamina, ending in a 1-celled margin. Ventral 
scales imbricate, in one row on each side of the midrib, pigmented 
with purple, semi-lunar with a small lanco-shapcd appendage. ■%- 
receptacle hemispherical, green with short 4 cuneiform lobes, each 
lobe with air-chambers and compound pores, one involucre under each 
lobe, containing an inflated perianth with a single capsule. Capsule- 
wall consisting of one layer of cells with numerous brown annular 
thickenings. Capsule rather longly pedicellate, slightly exserted, sub- 
globose, dehiscing at maturity by throwing off a cap, the remainder 
splitting about to the middle by 6-7 irregular, revolute valves. 
Peduncle of - < j > - receptacle 20-25 mm. long with two rhizoid-furrows, 
destitute of dorsal air-chambers. Spores brown, 45-60 ft (averaging 
55 /') in diameter, coarsely reticulate, rounded-tetrahedral, lamellae low, 
forming numerous areolae, margin of spore appearing as if crenulate- 
dentate. Elaters slender, 183-329 /* long, (abnormally 105 /') and 8.5- 
12.7 n wide, with 2-3 reddish-brown loosely twisted spires, ft recep¬ 
tacle 3 mm. wide, circular, upper surface green, scales rudimcntal or 
indistinct on lower surface, rounded at the apex with thin wavy margin, 
closely papillose, with compound pores and air-chambers. Cupules 
absent. 

Fr. July-August. 

Hub. On moist soil and rocks in the subalpine districts. 

Imc. 

Honshiu: Mt. Komagatake, prov. IJgo (I. Kashimura, no. 25, 
July 1928); Mt. Iwate-san, prov. Rikuchu (S. Habara, no. 1269, July 
1928). 

Distrib. Europe, Spitzbergen, Siberia, Himalaya, Mexico. North 
America, Alaska and Greenland. 

Remarks. The genus Chomiocarpon is monotypic. ft receptacle 
of our Japanese specimens has a very short peduncle, compared with 
the European ones. 
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Genus: BLASIA Michrij (1729) 

Blasia pusilla I.innk 

(.Text-Fijjx. 7-K. 10 & Tables 1 2) 

Blasia pusilla LlNNrf. Spec plant. ed. I. p 1138 (1733); Tsugk, Hcpal .lap < mss.) 
p. 31 (1887), St'HlKPNhK, in Knglkh u. Puantl, Natlhl Pflan/enfam Toil I, Abt 3. p. 
37 (1893); Stephani, Spec Ilepat Vol I, p 3(>3 (1900). 

Junfi'crmannia Blasia Hooker. Brit Jungerm PI 83-Si (1810). 

Dioicous. Mesophyte or hygrophyte. In yellowish green (frequently 
pigmented with purple) extended layers, sometimes forming rosettes. 
Thallus 3-5 mm. broad and 2 3 cm. long, repeatedly dichotomous, with 
several rotundate lobes, the margin ascending. Midrib broad and 
nearly Hat above' and below, J- 10 cells thick in the median portion, 
usually with 1 longitudinal whitish bundles containing a deposit of 
CaCOj, gradually passing into the 1-celled lobes, the marginal row of 
(’ells smaller, crenulate. Lobes rather distant but distinctly sueeubous, 
alternate, more or less regularly arranged, semi-lunular in outline, 
0.86-1.5 x 1.7-2 mm., the margin nearly entire. Cells of lobes 5-7- 
angled, 38-53 /' (averaging 17) x 70-96/' (averaging 85), thin-walled. 
Khizoids numerous, 12 15/' wide, smooth and whitish. Underleaves 
distant, in one row on each side' of the midrib, ovate, dentate. Leaf- 
auricles generally two at the base of each lobe', oval, hollow, becoming 
filled with AWoc-colonies and appearing as black dots through the' 
thallus. Involucre fusiform with a constricted mamillate apex, including 
tender and hyaline calyptra. Capsule oval, pale olive brown, 1.2 mm. 
broad, 1.5-1.8 mm. long, with a collar at the base, dehiscing hv 1 
valves; capsule-wall consisting of 3-1 layers of cells, those of the 
outer layer with nodulose thickenings in radial walls; those of the 
inner layeis smaller and tender without any thickenings; pedicel hyaline', 
with tint of pale green, 0.6-0.7 mm. broad, 15 30 mm. long. Spores 
35-61 ft in diameter, rounded-tetrahedral, yellowish-green, minutely 
papillose. Elaters pale green, 13-16/' broad, 236-321/' long, with 
2-4 spires. Elater-bearers rudimentary, at the bottom of the capsule. 
$ plant smaller; antheridia oval with a short pedicel, immersed singly 
in small alveoli of the dorsal side of the midrib. Gemmae of two 
kinds; one being spherical to oval, 92-99x118 138/' yellowish-green, 
multi-cellular and longly pedicellate, in flask-shaped receptacles with 
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Text-Fig. 7. Blasia pusilla LiNNfc, 

1. t thallus with antheridia, flask-shaped receptacles and stellate gemmae, 
in natural size. 2. Cross-section of thallus, x 12. 3. Middle part of ditto, x 75. 
4. Underleaf, X144. 5. Capsules, X 8 . 6 . Spores, x 490. 7. A part of basal 

portion of flask-shaped cupules, X 144. 8. Mature gemmae from ditto, Xl41. 9. 
Stellate gemmae, x75, the lower two under germination. 


long necks situated on the dorsal side of the midrib; the other occur¬ 
ring as loose stellate scales on the dorsal surface near the apices of 
the thallus. 
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Fr. April-May. 

Hab. On moist ground 
and wet banks. 

Iajc. 

Honshiu : Tsuta, prov. 

Rikuchu (Y. Horikawa, 

Sept. 1928); Yamanaka- 
daira, prov. Rikuzen (Y. 

Horikawa, no. 13445, Nov. 

1928); Osawa-mura, prov. 

Rikuzen (M. Shibata, no. 

1016, Oct. 1927); Sendai, 
prov. Rikuzen (Y. Hori- 
KAWA, no. 224, Sept. 1926, 
no. 263, March 1927 & 

S. Okabe, no. 1007, Sept. 

1927); Katsura-shima, 
prov. Rikuzen (Y. Hori¬ 
kawa, no. 779, July 1927); 

Taira, prov. Iwaki (T. 

Ono, no. 1006, Aug. 1927); 

Mt. Temmoku, prov. Kai 
(K. Tamitra, no. 70, Oct. 

1902); Mt. Komagatake, 
prov. Shinano (Y. Hori¬ 
kawa, no. 129, July 1923); 

Togo-mura, prov. Aki (I. 

Kashimura, no. 23, Oct. 

1925); Mt. Fukuoji, prov. 

Aki (A. Noguchi, no. 3, 

Oct. 1926); Kure, prov. 

Aki (A. Noguchi, no. 4, 

Feb. 1928). 

Shikoku: Tochu, Hongawa-mura, prov. Tosa (T. Yoshinaga, no. 


Text-Fig. 8. A marginal part of thallus 
of Bla.ua pusilla L., showing* the* state of 
succuhous lobes, x50. J ) . j * 



1, Nov. 1928). 

Kiushiu: Nankwan, prov. Higo (Y. Horikawa, no. 139, Sept. 
1923., no. 200, Apr. 1924); Sakaki-mura, prov. Higo (Y. Horikawa, 
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no. 40, March 1923 & no. 314, Apr. 1927); Aida, prov. Higo (K. 
Maykbara, no. 8, Feb. 1927); Kagoshima, prov. Satsuma (Y. Hori- 
kawa, no. 589 & 590, Apr. 1927). 

Distrib. Europe, North America and Asia. 

Genus: CAV1CULARIA Stephani (1897) 

Cavicularia densa Stephani 

(Text-Figs. 9, II, & Tables 1 2) 

Cavicularia densa Stephani, Bull. Herb. Boiss. Vol. V, p. 87 (1897); Miyake, Bot. 
Maga/. Tokyo, Vol. 12, p. 85 (1898); Schikfnkr, Osterr. Bot. Zeitsch. Bd. 49, p. 391 
(1899); Horikawa, Sci. Rep. T6hoku Imp. Univ. 4th Series, Vol. Ill, p. 259 (1928). 

Dioicous. Mcsophyte or hygrophyte. Growing in deep green, 
densely caespitose patches. Thallus largo, 1-10 mm. broad, and 2-5 cm. 
long, repeatedly dichotomous, the margin irregularly dentate. Midrib 
broader, the epidermal cells far smaller than the inner cells, 12-16 
cells thick in the median portion, usually with 4-5 longitudinal bundles 
containing a deposit of CaCO,, gradually passing into the 1-celled 
lobes. Lobes succubous, imbricate, semi-circular in form, 0.34-0.47 x 
0.6-1.3 mm., the margin irregularly incised and somewhat undulating. 
Cells of lobes 5-8-angled, 23-34x23-57/*. Rhizoids numerous, 11- 
55 fi wide, smooth and whitish. Underleaves distant, in one row on 
each side of the midrib, ovate, dentate. Lcaf-auricles generally two 
at the base of each lobe, oval becoming filled with Afos/oc-colonies 
and appearing to the naked eye as black dots through the thallus. 
Involucre and calyptra resembling that of Blasia pusilla but larger. 
Capsule oval, brownish yellow, 1-1.7 mm. broad, 1.6-2.2 mm. long, 
with a collar at the base, dehiscing by 4 valves; capsule-wall consisting 
of 3 layers of cells, those of the outer layer with nodulose thickenings 
in radial walls; those of the inner layers tender, without any thicken¬ 
ings ; pedicel hyaline with tint of pale green, 0.8-1 mm. broad, 26- 
55 mm. long. Spores 46-88 /* (mostly 62 /i) in diameter, nearly spheri¬ 
cal, greenish-yellow, minutely papillose. Elaters brownish yellow, 13- 
26 /* in breadth, to 472 /* in length, with 2-4 spires. Elater-bearers 
rudimentary, at the bottom of the capsule. £ plant smaller; antheridia 
oval with a short pedicel, immersed singly in small alveoli of the 
dorsal side of the midrib. Gemmae numerous in crescent-shaped 
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Tcxt-Fi^. 9. Caviculana densa Stephan I 
1. Thullus with anthcridia and c rpscent-shaf/od gemmae-receptacles in natural 
size. 2. Marginal portion of thallus, xl4k .5. Cross-section of thallus, xl2. 
4. Half-part of middle portion of ditto, x75. 5. Underleaf, x 144. 6. A part of 
basal portion of gemmae-cupules, X 144. 7. Mature resting gemma, xl44. 8. 

Ditto, under germination, Xl44. 9. Younger gemma, under germination, x 144. 
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capules situated on the dorsal side of the midrib, vertically inserted, 
with a long 1-celled hyaline pedicel, when mature broyvn and somewhat 
lenticular in form, 184-210 x 184-197 n in diameter. 

Fr. April-May. 

Hab. On moist and wet banks in the mountainous regions. 

Loc. 

Honshiu: Tsuta, prov. Rikuchu (Y. Horikawa, no. 1278, Sept. 
1928); Hanamaki, prov. Rikuchu (Y. Horikawa, no. 1183, May 1928); 
Hiraizumi prov. Rikuchu (Y. Horikawa, no. 1188, May 1928); Osawa- 
mura, prov. Rikuzen (M. Shibata, no. 1017, Oct. 1927); Sendai, prov. 
Rikuzen (E. Iishiba, Oct. 1927); Tatsunokuchi, a vicinity of Sendai, 
prov. Rikuzen (Y. Horikawa, no. 225, Sept. 1926 & no. 262, March 
1927, & no. 731, Apr. 1927) ; Kamakura, prov. Sagami (K. Hisauchi, 
in Herb. Imp. Univ. Tokyo, no. 4, Jan. 1915); Kyoto, prov. Yamashiro 
(M. Shinmachi, Oct. 1928). 

Kiushiu: Ohara-mura, Tamana-gori, prov. Higo (Y. Horikawa, 
no. 317, Apr. 1927). 

According to Stkphani (1897), “ Akita, Kamiiso, Towada, Tsurugi- 
zan. Faurie 14862, 14031, 14499 ”. 

Distrib. The genus and species endemic. 

Remarks on Blasia and Cavicularia. . 

In my preceding paper (1928) I have pointed out that Blasia and 
Cavicularia are very closely allied genera mainly with respect to the 
sporophyte. Some of the most important differences in the gametophyte 
are as follows: 



Blasia 

Cavicularia 


| annual & smaller 

perennial & larger 

Thallus .... 

/yellowish green, often 

1 tinged with purple 

deep green, never 
tinged with purple 


flexuous 

brittle 

Lobes . 

| more or less distant 

imbricate 

. 1 larger, average 1.18 x 

' 1.84 mm. 

smaller, average 0.4 x 
0.95 mm. 

Lobe-cells. 

. 47 x 85 p 

29x40 p 

Cupules. 


crescent-shaped 

Gemmae. 


one kind 


Concerning the gemmae of Cavicularia , one controversy exists 
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among the writers. Schiffner 0 and Goebel 0 maintain that there are 
two sorts of gemmae in the cupules of this plant and Stephani 0 
recognizes only one kind of gemmae. After examination of numerous 
materials the author was able to come to the conclusion that the 
gemmae of Cavicularia are when mature typically of a definite', longly 
pedicellate, thick-walled form ( Dauerbrutkorper ), but some gemmae 

TABLE 1. 

Sexual dimorphism of Blasia pusilla and Cavicularia detisa 
Width of thalli in 4- & </\ 
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OShiffner, V m Oesterr. Bot. Zeitsch., p. 392 (1899). 

2 > Goebel, K., Organographie d. Pfianzen, Zweiter Teil, p. 670 (1915-18; 
Stkphani, F., Species Hepaticarum, Vol. I, p. 363 (1900). 
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Table 2 . 

Sexual dimorphism of Blasia pusilla and Cavicularia derum. 
Measure of mean (M) and standard deviation ('i) in mm. 




Moan (M) 

F. E mean 

, 

M 4 - 
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I Coefficient of 



P. E diff. mean 
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deviation (a) 
P. E* 

' variation ( v) 

| F. Ev 

1 

Blasia pusilla 
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| 16.98,, ±0.57,, 
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2.00,±0.01., 
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Cavicularia densa 



4.32»±o.oa H 




8.('2 2 ±0.02„ 

0.86 7 ±0.01 8 

28.71,10.66; 


being already germinated when young within the receptacle, appear 
to be very divergent from the mature ones. Yet as all the kinds of 
transitional forms between these two extremes are found, and as all 
of them are no doubt of a homologous origin as already discussed by 
Goebel, it will be most reasonable to regard the gemmae of Cavi¬ 
cularia to be in reality of only one kind. 

Blasia and Cavicularia are both monotypic genera and are strictly 
dioicous. Since some years ago I have noticed the fact that in these 
plants the female thalli are far larger than the male*. Fortunately 
they are growing very abundantly in the vicinity of Sendai. I 
estimated, in the middle of August 1927, the width of and £ 
thalli with “ Messlupe ” (unit in 0.2 mm.). A thousand individuals of 
Blasia (-?- 500, £ 500) and the same numbers of Cavicularia (-£- 
500, $ 500) were used for the estimation. The results are given in 
Table 1-2 and Text-Figs. 10 11. 

Recently Lorbeer 0 reported that Pellia Fabbroniana and P. 
Neesiana represent a distinct sexual dimorphism but he does not 
recognize it in Blasia pusilla . Over ten years ago Lorch* } described 
“Mannl. Pflanzen kleiner”. At any rate, so far as the author is 
concerned, Japanese specimens of Blasia pusilla are representatively 
good examples of the sexual dimorphism, as well as Cavicularia densa . 


OLokbkkr, G m Zcitsch. f. Induk. Abstamm. u. Vcrerb., Bd. XXXXIV, p. 24 (1927). 
-> Lokch, W., Die Torf- u I^ebcrmoose, in Linimus Kryptogamenflora f. Anf&nger, 
p. 86 (1914). 
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Genus: CALOBRYUM Nees (1836) 

Syn. Rhopalanthus Lindberg (1874) 

Scalia Spruce (1885) 

Calobryum rotundifolium (Mitt.) Schiffner 
(PI. XVII.) 

Rhopalanthus mnioides Lindberg, Manip. Muse. II, p. 390 (1874) & Hedwigia, p. 
139 (1875). 

Scalia rotundifolia Mitten, Trans. Linn. Soc. London, 2nd Senes, Vol. Ill, p. 204 
(1891). 

Calobryum rotundifolium (Mitt.) Schiffner, Ocstrrr. Bot. Zcitschr., p. 389(1899); 
Ikeno, Shokubutsu KeitA-gaku, Vol. II, p. 354, Fig. 223 (1922). 

Calobryum mnioides (Lindb.) Stephani, Spec. Hepat. Vol. I, p. 399 (1900); Oka- 
mijra, in Marino’s Nipp. Shokub. Dzukwan, p. 1260 (1925); Hayata, Bot. Magaz. 
Tokyo, Vol. XLII, p. 183 (1928). 

Calobryum rotundifolium (Mitt.) Stephani, Spec. Hepat. Vol. VI, p. 76 (1917). 

Dioicous. Mesophyte. Plants growing in oblique or erect loose 
tufts, usually 1.5-2.3cm. long and 5-6 mm. wide, pale green when 
fresh, dark green and shrinking when dry. Stems 1 mm. in diameter, 
with the pale yellowish basal rhizomatous portion, simple, thick and 
succulent, in sterile one equal-sized everywhere, in fertile larger at 
upper part, in cross-section slightly compressed dorsiventrally, therefore 
broad elliptical, usually about 20 cells wide, cells large and thin-walled ; 
in the centre there exists a small-celled conducting bundle. Rhizoids 
absent. Leaves entire, suborbicular, smaller below and larger above, 
arranged distinctly in three rows; in sterile and in two rows, lateral 
leaves equal-sized, approximate, alternate, patent, suborbicular in out¬ 
line, dorsal leaves (according to Stephani, amphignstria) in one row, 
smaller and alternate with the lateral leaves, approximate; in £ stem 
three rows of leaves similar in size, distant, uppermost three leaves 
usually largest. Leaf-cells plane and 4-7-angled, 27.5-57.7/* at the 
apex, 27.5-55x55-96.3/* in the middle and 35.7-55 x 94-110/* at the 
base, walls thin and angles not thickened, with numerous chlorophyll 
granules. Perianth absent. Calyptra much-exserted from the stem 
leaves, linear-oblong, nearly hyaline, 7-9 mm. in length and 1.4 mm. 
in diameter; the wall consisting of a 5-6-celled layer. Capsule 
cylindrical, brown, 3.5 mm. in length and 0.93 mm. in diameter, dehi- 



HEPATICAE OF JAPAN. II 


419 


scing to the base usually on one longitudinal line. Capsule-wall 
consisting of a single one-celled layer, each cell with a brownish-yellow 
annular thickening. Pedicel 3 cm. in length, hyaline, hollow, wall 4-5 
cell-thick. Spores spherical, 22-25/' in diameter, pale yellow and 
minutely papilose. Elaters very long, usually 590-740// long and 
5.5-7 /' broad, pale yellow, bispiral and loosely twisted, longly attenuate 
to slender extremities. Archegonia and antheridia numerous on each 
terminal receptacle. 

Fr. April-May. 

Hab . In moist ground and among other mosses in forests. 

/vOC. 

Honshiu: Sendai, prov. Rikuzen (Y. Horikawa, no. 229, Sept. 
1926); Karasuzawa, Aomi-zinsha, Kamo-machi, prov. Eehigo (B. 
Hayata, 1894); Hiroshima, prov. Aki (Y. Horikawa, no. 63, Apr.— 
May 1923); Insl. Miyajima, prov. Aki (Y. Horikawa, no. 651, Apr. 
1927 & A. Noguchi, Feb. 1929). 

Shikoku : Ogawa-mura, Takaoka-gori, prov. Tosa (T. Yoshinaga, 
1899). 

Kiushiu: Mt. Aoi-dake, prov. Hiufea (Y. Horikawa, no. 448 & 
no. 476, Apr. 1927); Aoshima-mura, prov. Hiuga (Y. Horikawa, no. 
394, Apr. 1927); Kagoshima, prov. Satsuma (Y. Horikawa, no. 550, 
Apr. 1927). 

Distrib . The species endemic. 


Genus: PTIUDIUM Nees (1833) 

Ptilidium pulcherrimum (Web.) Hampr 
(PI. XVIII, Figs. 10-15 & Text-Fig. 12; 

Jungermannia pulcherrima Wkokr, Specilegium FI. Gottinpensis, p. 150 (1836) 
Ptilidium pulcherrimum Hampk, Prod. FI. Herryn., p. 76 (1836). 

Blepharozia pulcherrima Lindbero, Musci Scartd., p. 5 (1876). 

Ptilidium ciliare (L.) Hampe, var. pulcherrimum Warnstorf, Krypt. FI. Mark 
Brand., p. 26 (19021 

Dioicous. Xerophyte. In loosely s< attered yellowish-green tufts. 
Plant attaining to 1.2-1.3mm. in width and 4-4.5 cm. in length. 
Stems 0.2-0.24 mm. in diameter, rather firmly attached to the sub¬ 
stratum, yellowish-green, prostrate, irregularly branched, branches 
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shortly pinnate and frequently bipinnate. Rhizoids colourless at the 
base of the underleaves. Leaves 1 mm. long and 0.48 mm. broad, 
approximate below, imbricate above and on the branches, semi-antical 
portion larger, 8-11 cells broad at the base, patent or erect-patent 
and divided near to the middle into two unequal triangular lanceolate 
segments, the margins with 10-13 long, rigid and one-cell rowed cilia; 

the postical portion smaller, patent, 
deeply divided into two lanceolate 
segments with 5 6 longer curved or 
straight cilia. Leaf-cells 37 /* in the 
middle, 25 36x36-51 /< at the base, 
roundish oblong, the' trigones large 
with often intermediate thickenings. 
Underleaves of stem somewhat di¬ 
stant, about half as large as the leaves, 
578 fi wide, 525 t l long, appressed, 
rotund-quadrate, ventrieose, the upper 
margins densely ciliate, the cilia fre¬ 
quently furcate lower half entire. 
Underleaves of the branches smaller 
than the stem-underleaves, contiguous 
to loosely imbricated, 263 ft wide, 
237 /* long, more ventrieose. in¬ 
florescence terminal on the stem or 
main branches, being later on short 
lateral branches through innovations. 
Involucral bracts embracing the 
perianth, erect, resembling the leaves, the margins densely ciliate. 
Perianth 3-3.5 mm. long and 1 -1.2 mm. wide, of one-cell layer, large, 
longly exserted, oblong-cylindrical, smooth, gradually narrowed towards 
the base, obtusely plicate above, the mouth contracted and 4-lobed 
and ciliate. 

Fr. July-August. 

Hab. On the bark of trees in the alpine districts. 

Loc. 

Honshiu : Mt. Hakkoda, 1300 m., prov. Mutsu (Y. Horikawa, no. 
1288, Sept. 1928); Mt. Iwate, 1400 m., prov. Rikuchu (S. Hauara, 



Text-Fig. 12. Ptilidium 
pulcherrimum (Wfh.) Hami'K 
1 . Leaf, dissected from the 
stem, xdH 2. Cilium from the 
antical margin of a leaf, * 233. 
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no. 1272, July 1928). 

Distrib. Europe, North America, Siberia, Canada and Alasca. 

Genus: LOPHOLEJEUNEA Spruce (1881) 

Key to the Japanese species 

Stems rigid; leaves very closely imbricate; underleaves closely 
imbricate and 2*2.5 times broader than the stem .../,. densiloba 
Stems flexuous; leaves contiguous to loosely imbricate; under¬ 
leaves distant and 5-6 times broader than the st an . /,. javanica 

Lopholejeunea densiloba IIorikayva, sp. nov. 
iTcxt-Fm. i:n 

Dioica. Planta caespitosa, brunneo-virens, corticola, 2 3 cm. longa 
et 2.5 mm. lata. Caulis prostratus, 0.23 mm. in diam., irregular iter 
pinnatus. Folia caulina dense; imbricata, patula, parum convexa, 
oblongo-ovato, falcata, 1.46 mm. longa, 1.15 mm. lata, margine antico 
arcuato caulem valde superante, postico parum curvato, a pice vulgo 
obtusissima. Cellulae basi 30-38 x 36-17 // diam., medio 28-38// diam., 
margine 17-23 // diam., trigonis majusculis, pariotibus validis. Lobulus 
ovatus, 0.35 mm. lorn us, 0.3 mm. latus, inflatus, dente apicali introrso 
(angulo 25°), 6 cell. longo, basi 4 cell. lato. Amphigastria caulina 
magna, dense imbricata, reniformia, caule 5 6-plo latiora (0.7 mm. 
longa, 1.3 mm. lata) apice late truncata, basi abrupte acuta et decur- 
rentia. Androecia in ramis terminalia, braeteis 6 12 jugis. 

Hab. On the bark of trees. 

Ijhi . Caroline Is., Palau I. (H. Sato, no. 1271, June 1928). 

Dioicous. Xerophyte. Plants growing in depressed brownish green 
patches, 2 -3 cm. long and 2.5 mm. broad. Stems prostrate*, very rigid, 
0.23 mm. in diameter, irregularly pinnate, the branches widely spread¬ 
ing, simple, usually with smaller leaves than the stem. Leaves closely 
imbricate, the lobe somewhat convex, widely spreading, falcate, oblong- 
ovate, averaging 1.16 mm. long, 1.15 mm. wide, antical margin arching 
far beyond the axis, postical margin slightly curved, forming an obtuse 
angle with the keel, apex very obtuse, margin entire throughout 
Cells of lobe nearly plane, averaging 30-38 x 36-47/* at the base, 
28-38/* in the middle and 17-23 // at the margin, middle lamella 
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distinct, trigones large, intermediate thickenings occasional, oval in out¬ 
line, free walls of cells uniformly thickened. Lobule ovate in outline, 
averaging 0.35 mm. long, 0.3 mm. wide, inflated throughout, forming 
an angle of about 108° with axis (and base of lobule), more or less 
decurrent, keel strongly arched, free margin involute near the base, 



Text-Fig. 13. Lopholejeunea densiloba Hohikawa 

1. Apex of plant, antical view, xl2. 2. Part of plant with two bases of 
branches, political view, X 12. 3. Part of stem, the underleaves dissected away 
to show the lobules, postical view, X 12. 4. Stem-leaf, x25. 5. Cells from middle 
of lobe, X233. 6. Apex of lobule, x233. 7. A part of androecium, x25. 
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sinus broad and adnate portion two evils across, apical tooth long and 
forming an angle of 25° with the axis, usually six cells long and l 
cells wide at the base. Underleaves densely imbricated, 5-6 times 
broader than the stem, nearly plane, reniform, 0.7 mm. long, 1.3 mm. 
wide, convex, more or less revolute and broadly truncate at the apex, 
abruptly narrowed and very long-decurrent at the base. Androecium 
occupying a short, slender branch; bracts in from six to twelve paris, 
subequally bifid, the lobule narrower and shorter than the lobe, strongly 
inflated, obliquely spreading, lobe rounded, lobule acute at the apex, 
keel arched; bracteoles loosely imbricated, reniform but more elongated. 

Distrib . This species endemic. 

Remarks. The present species is alike to L. asiatica Srmi. and 
L. inermis Stkph., in the leaves and underleaves, nut it differs from 
them in the characters found in the inflorescence, stem, androecium 
and lobule. 


Lopholejeunea javanica (Nees) Stephani 
(T ext-Fig 14) 

Lejeunea juvamc'i Nicks, S>n. llepat., p TdO (IKIt) 

Lopholejeunea jammed (Nkks) Sikimi . Spec Hcp.it, Vol V, p K1- (1912) 

Monoicous. Xerophyte. Plants growing in depressed brown patches, 
1.5-2.5 cm. long and 1.5 mm. broad. Stems prostrate, flexuous, 
0.16 mm. in diameter, irregularly pinnate, the branches usually simple, 
often with smaller leaves than the stem. Leaves contiguous to loosely 
imbricate, the lobe slightly convex, widely spreading, somewhat falcate, 
ovate, 1 mm. long, 0.75 mm. wide, antical margin arching partially or 
slightly across the axis, more or less outwardly curved from the base 
to the apex, postica margin slightly curved, forming an obtuse angle 
with the keel, apex rounded to very obtuse, margin entire throughout, 
lobule ovate in outline, 0.35 mm. long, 0.22 mm. wide, inflated through¬ 
out, slightly deeurrent, forming an angle of about 70 1 with axis (and 
base of lobule), free margin slightly revolute to apex, sinus broad and 
shallow, adnate portion one cell across Cells of lobe averaging 21 t l 
at the margin, 25 /* in the middle and 51 x31 ft at the base, trigones 
distinct, triradiate with acute rays, intermediate thickenings occasional, 
oval. Underleaves distant, about twice (2-2.5) as broad as the stem, 
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plane or nearly so, rounded to reniform, 0.27 mm. long, 0.35 mm. wide, 
rounded and slightly decurrent at the base, apex broad, rounded or 
somewhat truncate, margin entire. Inflorescence terminal on a short 
branch, with two or one innovations: bracts similar to the leaves. 



Text-Fig. II. Isfpholejeunea javanmi (Nkks) Sikpham 

1. A part of stem, antical view, x25. 2. Ditto, postical view, X25. 3. Stem- 
leaf, X23. i. Cells from middle of lobe, x 233 5. Apex of lobule X233. f>. 
Part of plant with perianth, postical view, X 25 7. Androecium postical view, 
X 23. 
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bracteole free, broadly orbicular, 0.6 mm. long, 0.76 mm. wide, plane, 
apex broadly rounded to truncate, margin quite entire. Perianth about 
1/4 exserted, obovate in outline, 0.93 mm. long, 0.82 mm. wide, beak 
short, mouth irregularly dentate, the teeth more than I cells long and 
one or two cells wide at the base, surface otherwise smooth. Andro- 
ecium occupying a short lateral branch : bracts in about six pairs, 
strongly inllated, keel broadly arched, apex obtusely pointed, bracteolcs 
similar to the underleaves but smaller. 

Loc. 

Shikoku: Yasui, prov. Tosa (T. Yoshinac.a, no. 21, Sept. 1898). 

Distrib. Asia, Tropical Oceania and Oriental Africa. 


Genus : NOTOTHYLAS Sullivan r (1816) 

Notothylas japonica Horikawa, sp. nov. 

(PI XVIII. Kirs 1-9.) 

Monoica. Planta parva, saturate' viridis, expansa vel substratificata, 
terricola. Frons ad 10-15 mm. in diametro, orbicularis, lobis obovatis, 
margine lobulis cuneatis grossisque instrueds. Involucra solitaria, 
cylindrica, attenuata, apice scariosa. Capsula valida, l mm. longa, 
fusco brunnea, cylindrica. Columella nulla. Sporae 38 /* in diametro, 
leves, nigrae. Pseudo-el a teres 32 61longi. 

Fr. Sept. — Oct. 

Hal k Moist soil in fields and gardens. 

hoc. 

Honshiu: Tsuta, prov. Rikuchu (Y. Horikawa, Sept. 1928); 
Sendai, prov. Rikuzen (Y. Horikawa, no. 1340, Oct. 1928); Koishi- 
kawa Bot. Garden, Tokyo (Y. Horikawa, Sept. 1928); Kabe, pro\. 
Aki (Y. Horikawa, Oct. 1925). 

Monoicous. Mesophyte. Growing in deep green to brownish green 
patches. Thallus 10-15 mm. in diameter, orbicular, divided into broad 
obovate lobes, with the margin much irregularly divided into cuneate 
lobules, the dorsal surface more or les« warty, not costate; surface 
cells 32-53 x 89-116 /J f each cell with a large chloroplasl; cross-section 
8 10 cells high in the middle, becoming 1 or 2 cells high at the 
margin, the interior cells hyaline and much larger than the epidermal 
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cells, lacunae large and numerous. Involucres usually single, 2.1- 
2.5 mm. long and 1-1.4 mm. broad, cylindrical, narrowed toward the 
apex, the mouth scarious. Capsule valid, 3-4 mm. long and 0.6-0.8 mm. 
broad, blackish-brown and cylindrical, the wall consisting of 3-5 cell- 
layers ; the outermost layer, one-cell (18 x 17 /< in cross-section) in 
thickness, with thickened and brownish-yellow walls; the inner layer, 
2-4 cells in thickness, with thin and hyaline walls. Columella absent. 
Spores 37-39/* in diameter, smooth and black. Pseudo-elasters 32- 
64/* long with yellowish spires. Antheridia 53x106/*, oval, shortly 
pedicellate. 

Distrib . The species endemic. 

Remarks . IJp to the present day, eleven* species of Notothylas 
have been recognized. Of these 1 , the present new species is nearly 
related to N. orbicularis (Schwein.) Suul, but the former differ* from 
the latter in the size of capsule, spores, the state of thickenings of 
capsule-walls, and the absence of columella. This is the first time 
that the genus Notothylas is reported within our boundaries, but it 
appears to be widely distributed in Japan. 

Genus: ANTHOCEROS (L. 1753) ref. GorrseHE (1858) 

Anthoceros gemmiferus Horikawa, sp. nov. 

(Text-Fig 15.) 

Sterilis. Planta eaespitosa, fuseo-virens, terricola. Frons repitito- 
fureata, 1.5-2 cm. longa et 3-4 mm. lata, in sectione transversa solida 
et tenax, medio 8-10 cellulas crassa, lobis ligulatis, subtus margineque 
gemmiferis. Gemmae valde numerosae, magnae, ovales vel pyriformes, 
multicellulares, virides. 

Hab. More or less moist soil. 

hoc . 

Honshiu: Sendai, prov. Rikuzen (Y. Horikawa, no. 1349, Dec. 
1928); Obara, Shiraishi-gori, prov. Rikuzen (Y. Horikawa, no. 1021, 
Oct. 1927). 

Sterile. Mesophyte. Plants growing in dark green, extended 
caespitose patches. Thallus repeatedly dichotomous, 1.5-2.0cm. long 

*Stephani. F m Spec. Hepat. Vol. V, p. 1019 (1917). 
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and 3-4 mm. broad, slightly convex above, divided into ligulate lobes 
Cross-section 8-10 cells thick in the middle without lacunae. Surface 
cells 21-34 x 40-53 //, each cell with a large chloroplast. Gemmae 
exceedingly numerous at the margin and the ventral surface, multi 
cellular, oval to pyriform, green, 197-250 x 211-276// in diameter. 


Text-Fig. 15. Anthoceros gemmtferus Horikawa 
1 . Habit of plants, in natural size. 2. Cross-section of thallus, X12. A. 
Middle part of ditto, X 144. 4. Anterior part of thallus, antical view, Xl2. 5. 
Ditto, postical view, Xl2. 6. Gemma from the margin of thallus, x 144. 7 
Gemma from the \entral surface of thallus, xl41. 

Remarks. According to Stephani’s description*, among many 
species of the genus, the present species seems most closely allied to 
Anthoceros propagultferus Steph., which is known only from Concepcion 
of Chile. 


*Strphani, F.. Spec. Hepat. Vol. V, p. 1001 (1916). 
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Fig. 1. 


EXPLANATION OF PLATES. 

PI .ATE XVI. 

Fimbriana Yoshinagana Hokikawa 

Anterior part of thnllus with the stalk of 4- receptacle, x8. 
4- receptacles, ventral view, x8. 

Cross-section of thallus, middle portion, X14L 
Epidermal pore of thallus, x 233. 

Epidermis, one cell containing a oil-body, X233. 

Cross-section of the stalk of 4- receptacle, x 75. 

A lobule of perianth, x23. 

Cells from ditto, xlH. 

Capsule-wall, surface-view, X 114. 

Spore, x460 
Elater, x 160. 

Branching elater. x 160 


PLATE XVII 

('alabryum notundtfolium (Mm ) Schiffnkr 

4- plant bearing muture sporophyte, X 2. 

Upper part of stem with >oungcr sporoph>le, x2 
$ plant bearing antheridial leceptacle, x 2. 
Cross-section of stem, x!2 
A part of ditto, x75. 

A leaf, dissected from the stem, x!2 
Cells from the middle part of lobe, xl41 
Cells from the marginal part of lobe, Xl41. 
Cross-section of calyptra, middle poition, x 12. 

A part of ditto, X 144. 

Cross-section of pedicel, x 12. 

A part of ditto, x 144. 

Dehiscent capsule, x8. 

Capsule-wall, surface view, x 233. 

Cross-section of capsule-wall, X233. 
Longitudinal-section of capsule-wall, x 233. 

Spore, x460 
Elater, X 233. 


PLATE XVIII. 

Notothylas japonica Horikawa 

(■rowing-habit of plant bearing sporophytes, in nat. size. 
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Fig. 2. A part of ditto. X8. 

Fig. 3. Nearly mature capsule, X 12. 

Fig. 4. Outer-layer of cells of ditto, surface view, X233. 
Fig. 5. Cross-section of capsule-wall, x460. 

Fig. 6. Longitudinal-section of ditto, X 233. 

Fig. 7. Spores, x300. 

Fig. 8. Klaters, x300. 

Fig. 9. Antheridium, X300. 

Ptilulium puh'hvrrimum (Wi i».) IIamim: 

Fig. 10. A part of plant, antical view, X38. 

Fig. 11. A part of plant, post teal view, X38. 

Fig. 12. Cross-section of stem, X 233. 

Fig. 13. Cells from the middle part of lobe, X 233. 

Fig. It. Perianth, x 10. 

Fig. 15. Cross-section of perianth, above the middle, x23. 
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Y. IIorikawa: Fimbriaria Yoshinagana sp. nov. 
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Author dd. <1 

Y. Horikawa : Notothylas japonica sp. nov. & Ptilidium 
pulcherriumum (Wev.) Hampe. 










Uber die Wirkung der Elektroiyten auf den Sauer- 
stoffverbrauch von Chlorelta ellipsoidea. 


Von 

Mannen Shibata. 

(Biologisches Institut der Kaiserlichen TAhoku University, Sendai.) 

I. Einleitung. 

Als allgemeine Energiequelle der Pflanzen steht die Atmung mit 
zahlreichen anderen Lebenserscheinungen in inniger Beziehung, and 
von ihr sind die anderen physiologischen Vorgange der Pflanzen mehr 
oder weniger abhangig. Es ist daher nicht nur von Bedeutung, den 
Prozess der Atmung, der, auch wenn alle anderen Vorgange der 
Pflanze zum Stillstand kommen, noch bestehen bleibt, seinem eigent- 
lichen Wesen nach zu verstehen, sondern man muss sich auch die 
Frage vorlegen, inwieweit er durch aussere Einfliisse in seinem Verlaufe 
modifiziert werden kann. Es sind nach dieser Richtung hin zahlreiche 
Untersuchungen angestellt und wertvolle Resultate gewonnen worden. 
Namentlich ist der Einfluss von Temperatur und Licht, Wassergehalt, 
CO*- und Oj-Konzentration, Wasserstoffionenkonzentration und von der 
Verletzung der Pflanzen griindlich studiert und mit relativer Sicherheit 
festgestellt worden. Weniger zahlreich dagegen sind Untersuchungen 
uber Veranderung der Atmung durch stoffliche Einfliisse, insbesondere 
durch Salze. Es ist daher physiologisch von Interesse, diesen Punkt 
durch genaue Methodik weiter aufzuklaren. 

Bevor wir jedoch zur Mitteilung unserer Versuchsresultate tiber- 
gehen, mogen die iiber die oben genannte Frage bereits bekannten 
Tatsachen hier Erwahnung finden. 

II. Historischks. 

Schon 1869 hat A. Mayer nachgewiesen, dass gewisse Metallsalze, 
so z. B. CaCh, Eisen- Tonerde und Mangansalz, die Entwicklung der 
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Hefe nicht wesentlich beeinflussen. Kelijver (1874) zeigte dann, dass 
Erbsenkeimlinge, die in 0.5?6iger KNO S -Losung kultiviert vvurden, 
energischer als im destill. Wasser atmen. Dann hat Jacobi (1899) 
festgestellt, dass ausser KNO g auch Na- und Kaliumchlorid die Atmung 
der submersen Pflanzen steigem, indem sie als Keiz wirken. Zahl- 
reiche Untersuchungen iibcr die Wirkungen der Elektrolyten auf die 
Atmung der Pflanzen wurden in klarer Weise von Prianischnikow 
(1895), Pai.ladin (1909), Rkinhard (1910), Zaleski (1910), Kostyt- 
schew (1924), Iwanoff (1911), Inman (1921), Brooks (1920, 1921, 
1922), Lyon (1921), Gustafson (1920-'21) und anderen gemacht. 

Naeh Cook (1926) geht bei Gegenwart schwerer Metallionen (Cu 
und Ag) die Menge der Atmungskohlensaure bei Aspergillus niger ent- 
weder sofort herab oder steigt zuerst an, uni nachher zu fallen. Der 
Eintritt der schadlichen Wirkung der Salze ist dabei konstant pro¬ 
portional der Konzentration. Er nimmt dabei an, dass die Metalle 
sich mit irgendeinem Bestandteile der Zellen verbinden und diese 
Verbindung ihrerseits die Geschwindigkeitskonstanten der normalen 
Atmungstatigkeit beeinflusst, wodurch die jeweilige Kohlendioxydabgabe 
dementsprechend abgeandert wird. Andre Mayer und Plantefoi. 
(1926) haben die Wirkung der Elektrolyten und der Sauren auf die 
Atmung von Ilypnum triquetrum L. untersueht. Die Moose wurden 
6 Stunden lang in Salzlbsung mit der Konzentration 10 ~1 N bzw. 2 
Stunden in Sauren mit der Konzentration bis 10""’ N getaueht und 
nachher die Atmungsintensitat durch Bestimmung des ausgeschiedenen 
CO* ermittelt. Es ergab sich stets eine Anderung dev Atmungsinten¬ 
sitat. Die Wirkung der Salze macht sich erst von einer bestimmten 
Konzentration an geltend, und zwar wird die 1 Atmung zuerst gesteigert, 
sodass die Intensitat den doppelten Wert der normalen erreichen kann. 
Bei starkerer Salzkonzentration nimmt die Intensitat ab. Die Sauren 
wirken in der gleichen Ordnung wie ihre Salze, nur wirken sie schon 
in schwiichercT Konzentration und innerhalb kiirzerer Zeit. Im allge- 
meinen ist die Wirkung immer die gleiche, doch bestehen fur jede 
Subslanz Besonderheiten in ihrer Wirkungsweise. 

Es wird nicht nur die Intensitat,, sondern auch die Natur der 
Oxydation beeinflusst ; der Atmungskocffizient wird erst 1, wenn die 
Atmungsintensitat zum Maximum vergrossert wird. Ubrigens dauert 
die durch Elektrolyten auf die Atmung ausgeiibte Wirkung ziemlich 
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lange, bisweilen mehrere Tage. 

Emerson ( f 27) zeigte dann, dass Chlorella wie andere heterotro- 
phische Zellen atmct, wenn sie in Zuckerldsung unter Einwirkung von 
Blausaure, Schwefelwasserstoff und Kohlcnmonooxyd goziichtet wild. 

Kiirzlich studierte Genevois ('27) die Atmung und Garung bei 
griinen Pflanzen: Chlorella pyrenoidea , Scenedesmus Basilliensis , 
Coelastrum proboscideum , Haematococcus pulvialis , Sticocnccus basil laris 
und Pseudendoclonium Basilliense. Dabei wurde die manometrisehe 
Methodik Warburgs benutzt. Es ergab sich folgendes: Die Atmung 
von Chlorella wird unter Einwirkung naliirlichor Zucker (Glukose, 
Fruktose, Mannose und Galaktose) bedeutend gesteigort; verhaltnis- 
massig stark vvirken ferner Acetaldehyd, Natriumbutyrat, Alanin und 
andere Aminosauren. Auffallend ist, dass Milchsaure und Brcnztrau- 
bensaure nicht wirksam sind. Acetaldehyd steigert danoben den re- 
spiratorischen Quotienten erheblich; das beruht wahrschoinlich darauf, 
dass dabei Fettsauren gebildet werden. Bei don hoheren Aldehyden, 
Propylaldehyd und Valeraldi'hyd, war die Almungssteigerung geringer. 
Verbaltnismassig starke Steigerung der Atmung vcrursachen auoh die 
Alkalisalze Aev niederen Fettsauren, z. B. der Essigsauns Buttersaure 
und Valeriansaure, wobei die Wirkung des Butyrats am grdssten ist. 
Die verschiedenen Alkohole sind vdllig unwirksam. Die andc*ren 
Organismen, sogar der griine Haematococcus verhalten sich ahnlich, 
ausser Pseudendoclonium und der roten Daucrz(‘lle von Haematococcus . 
Bei Abwesenheit von Sauerstoff erfolgt die Garung in Zuckerkisungen: 
Die Kohlendioxydproduktion ist dabei etwa so gross wit' bei der 
Atmung in mineralischer Lbsung. Ausser hoi dem blausaureempfind- 
lichen Scenedesmus wird die Atmung der meisten Algen durch 
Blausaure in mineralischen Ebsungen selbst in rcdativ hohi*r Konzent- 
ration nur wenig beeintrachtigt. In Gegenvvart von Zucker odor der 
anderen obengenannten atmungsteigernden Sloffe wird hingegen die 
Atmung bei Chlorella stark gehemmt. Doch bleibt dabei auffallen- 
derweisc ein unempfindlicher Rest etwa von der Grosse der autotrophen 
Atmung iibrig. Letzterc bleibt also wahrscheinlich auch bei Zucker- 
gegenwart als unvermindert nebenherverluufender Vorgang erhalten. 
Durch Narkotika und oberflachenaktive Stoffe werden dagegen Atmung 
und Garung gleichmassig gehemmt. 

Meine vorliegenden Untersuchungen wurden auf Veranlassung und 
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unter Leitung von Herrn Prof. Dr. Y. Yamaguti im Verlaufe eines 
akademischen Jahres, 1927-1928, im biologischen Institut der kaiser- 
lichen Tohoku Universitat zu Sendai ausgefiihrt. Ich spreche auch an 
dieser Stelle meinem hochverehrten Lehrer fiir seine vielfache Belehr- 
ung und Anregung - meinen herzlichen Dank aus. Es ist mir auch 
eine angenehme Pflicht, Herrn Prof. Dr. S. Hibino und dem ausser- 
ordentlichen Prof. Herrn Dr. K. Okazaki t fiir ihre vielseitige Anreg¬ 
ung meinen besten Dank auszudriicken. 

III. Eigenschaften und Zuchtung der Algen. 

Als Versuchsobjekt wurde die Reinkultur einer einzelligen Alge, 
Chlorella ellipsoidea benutzt. Die Reinkultur von Chlorella verdanke 
ich Herrn Nakajima. Die meisten Forscher begniigten sich mit einer 
Rohkultur der Algen, deshalb mochte ich hier betonen, dass zu diesen 
Versuchen eine absolute Reinkultur der Algen verwandt wurde. Als 
Versuchsobjekt erwies sich diese Alge zweckmassig, weil sie schnell 
wachst, unbeweglich ist und einen einfachen Entwicklungszyklus hat. 
Die Alge wachst gut bei kiinstlicher Beleuchtung, sowohl auf Agar 
als auch in reiner anorganischer Salzlosung. In organischer Nahr- 
losung geziichtet, wird die Chlorophyllbildung schwacher und zum 
Schluss gelbgriin. 

Deshalb ziichtete ich seit April in anorganischer Salzlosung unter 
Beleuchtung einer Metallfadenlampe. Nach der Vorschrift von War¬ 
burg (1922) und seinem Mitarbeiter hielt ich mir folgende Stamm- 
fliissigkeiten vorratig: 

I. MgSOj 7H s O 50g : lOOOccm aus Glas gestill. Wassers. (0.2 molar) 

II. KNO h 25 g: „ „ „ „ (0.25 molar) 

III. KH*PO, 25 g: „ „ „ „ „ (0.18 molar) 

IV. FeSO* 2.8 g: „ „ „ „ „ (0.01 molar) 

Das Gemisch von 100 ccm I, 100 ccm II, 100 ccm III und von 1 ccm 
IV wurde mit Leitungswasser auf lOOOccm aufgefiillt. Die Kultur- 
flussigkeit wird somit in bezug auf die in Frage kommenden Salze je 
zu folgender Konzentration: 

t Am 10. Januar dieses Jahres gestorben. 
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MgSO, 0.02 molar. 

KNOs 0.025 molar. 

KH,P0 4 0.018 molar. 

FeS0 4 0.00001 molar. 

Mousch (1895), Benecke (1907) und anderc Forscher, die die An- 
spriiche der Algen an Mineralstoffen eingehend gepriift haben, konsta- 
tierten ein Ca-Bediirfnis nur bei Spirogyra und Vaucheria. Fiir die 
meisten Algen scheint Ca iiberfliissig zu sein. Deshalb entfernte ich 
die Ca-Salze aus der Nahrlos- 
ung. Aller Wahrscheinlichkeit 
nach waren im Leitungswasser 
mehr oder weniger Ca-Salze 
vorhanden, obwohl mir die 
Analyse dafiir fehlt. 

Steriles Arbeiten ist nicht 
immer erforderlich, da in den 
anorga nisch an Nahrfl ii ssi gkeit- 
en, bei den hohen Beleucht- 
ungsstarken und relativ gros- 
sen Aussaaten vveder Bakterien 
noch andere Algen eufkom- 
men. 

Als Liehtquelle wurde eine 
Metallfadenlampe von 300 
Watt Stromverbrauch in ein 
von fliessendem Kiihlwasser 
umgebenes Becherglas gehangt; ich litss die Lampe Tag und Nacht 
brennen. Um die Sedimentierung der Zelle zu verhinderen, wurde 
ein langsamer Luftstrom dauemd durch die Kulturkolben, die ich tiir 
die Kultur von Chlorella konstruiercn liess (Fig. 1), in einer Gesch- 
windigkeit von ca. 60-70 Gasblasen pro Minute durchgeleitet. Die 
Einsaat pro Kolben betrug 0.75 ccm Zellen in ca. 700 ccm Kultur- 
fliissigkeit. Die Lufttemperatur war im November, insbesondere in 
der Nacht, so niedrig geworden, dass die Algen vorwiegend Autosporen 
wurden. Dementsprechend wurde der Sauerstoffverbrauch der Algen 
sehr gering, sodass die Algen in einen Wasserthermostat von etwa 
25 Grad gebracht werden mussten. Bei einer massigen Temperatur von 
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18°(\ stieg die Zellenanzahl im Laufe einigor Tage auf das Mehrfache 
der Aussaat, wobei die anfangs hellgriine Kulturlliissigkeit allmahlich 
schwarzgriin wurde. 

Nach Vermehrung auf das vier- bis fiinffache wurden die Algen 
auf der Zentrifuge mehrmals mit frischer Nahrlbsung gewaschen, in 
einem graduierten Zentrifugierrohrchen gemesssen und dann in die 
Kolben eingesat. Wenn man Chlorella dauernd langere Zeit ziichtet, 

insbesondere im Sommer, so verandert 
sich die Farbe, und die Algo, die sonst 
schwarzgriin ist, wird braun und setzt 
sich am Boden der Kolben ab; sodass 
die Nahrlbsung im Kulturkolben einmal 
alle zwei Wochen erneucrt werden muss. 
Die zur Nachzucht bestimmten Zellen 
liess ich bei naturlichem Licht an einem 
Nordfenster stehen. In diesem Falk* 
ziichtete ich Chlorella in den von Wino¬ 
gradsky verwendeten Kolben (Fig. 2). 
Die zum Versuch beslimmten Zellen 
wurden im Gewachshaus eine Woche 
lang bestrahlt; sie vermehrten sich da- 
bei auf etwa das vierfache. Trotz der 
Bewegung vermbge der Luftdurchleitung setzten sich die Algen all¬ 
mahlich am Boden der Kolben ab. Es geniigt, sie im Laufe von 24 
Stundcn einmal aufzuwirbeln. Die Zellen verteilen sich bei leichtem 
Schiittvln der Kolben sofort wieder. 

IV. Mkthodik. 

I. APPARAT. 

Zur Bestimmung des Sauerstoffverbrauchs gibt es zwei Methoden: 
die gasanalytische und manometrische. Kin Vorzug der manometri- 
schen Methode ist es, dass wir bei ihr in kurzen Intervallen ablesen 
und so den ,, Gangder Prozesse beobachten kiinnen. Darum ist sie 
hier benutzt worden. Fiir diesen Zweck wurden vier Gefasse (Troge) 
(Fig. 3) verwendet, die wir mit A, B, C und D bezeichnen. Ihr 
Rauminhalt einschliesslich Manometerkapillare bis zum Meniskus der 



Fi*. 2. 
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Sperrfliissigkeit betragt ca. 20 ccm. Als Manometer kam der Barchofi- 
sche Blutgasmanometer zur Verwendung, dessen Sperrfliissigkeit durch 
eine Sehraube so reguliert wird, dass das 


Volumen wahrend der Messung konstant bleibt. 
Die Manometerkapillare hesitzt einen Durch- 
messer von 0.8 bis 1 mm. Als Sperrfliissigkeit 
ist BRODiEsche Losung 0 benutzt worden, von 
der 10000 cmm 760 cmm von Quecksilber gleieh 
kanien. Die Manometer sind an dem Wasser- 
thermostaten montiert, dessen Temperatur hier- 
bei 25°C betragt und bis auf 0.05 Grad konstant 
gehalten werden konnte, und ihre Wande 
vvurden mit schwarzem Paekpapier der Trocken- 
platte beklebt. 

Gefass D dient als Th( v rmobarometer. Es 
wird mit 2 ccm Salzlosung und 0.3 ccm KOH 
fi°o) gefiillt. Gefass A dient zur Bestimmung 
des Sauerstoffverbrauchs von Chlorella. Es 
wird mit 2 ccm Salzlosung, in dem sich 0.4 ccm 
Chlorella befindet, und 0.3 ccm KOH, das fiir 
die Absorption des ausgeschiedenen Kohlendi- 
oxyds dient, gefiillt. Gefass B dient zur Be¬ 
stimmung des Sauerstoffverbrauchs der Algen 
in dem doppeldestill. Wasser und Gefass C 
zur Bestimmung des Sauerstoffverbrauchs von 
Chlorella in Nahrldsung. 



2 aijsfOhrung der messijngen 


Fig. 3. 


Die mehrere Tage lang in den Kulturkolben geziirhteten Algen 
vvurden auf dor Zentrifuge mehrmals mit doppeldestill. Wasser ge- 
waschen, in einem gradierten Zentrifugierrohrchen gemessen und dann 
zweimal, je nach dem Zwecke, auf der Zentrifuge bui hoher Tourenzahl 
(2000 pro Minute) entweder mit Salzlosung, doppeldestill. Wasser 


D Si* 1 besteht aus 500 mn Wasser, 25 g Natriumchlorid, 5g gallensaurem Natron 
und ist zur Abhaltung von Bakterien mit so viel alkalischer ThymollosunK ver- 
set/t, dass sie deutlich nach Thymol rieoht. 
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oder mit Nahrlosung gewaschen. Durch Schiitteln des Algensediments 
in wasserigen Fliissigkeiten (namentlich in doppeldestill. Wasser, Salz- 
oder Nahrlosungen) werden Suspensionen gewonnen, die sich mit der 
Pipette abmessen lassen. 

Die Alge ist widerstandsfahig gegen mechanische und chemische 
Einwirkungen. Sie kann ohne Schadigung auf der Zentrifuge aus 
ihrer Nahrlosung abgeschleudert und in andere Losungen iibertragen 
werden. Zum Versuche werden die Versuchsgefasse mit je 2ecm 
Zellsuspension beschickt und durch Glasschliff mit dem Manometer 
verbunden; die Zellsuspension wird mit 0. 2 (worin 25 Vol-Proz. Stick- 
stoff) gesattigt, um die Luft aus dem Gasraum zu verdriingen. Mano¬ 
meter und Gefasse werden darauf in einen Wasserthermostat gehangt 
und die Hahne gee iff net, durch Rewegung der Kxzenterscheibe mit 
einer Schwingungszahl von etwa 120 pro Minute 10 Minuten lang 
geschiittelt, his Tempcratur- und Druckgleichgewicht eingetreten ist. 
Vermehrung der Schiittelgeschwindigkeit bedingt keine Anderung der 
Ausschl’age. Dann unterbricht man das Schiitteln, stollt die Sperr- 
fliissigkeit des Manometers auf eine bestimmte Marke ein, schliesst 
die Hahne und loscht die Lampe aus. Alle Versuche wurden in der 
Dunkelheit ausgefiihrt. 

Unter fortgesetztem Schiitteln beobachtet man nunmehr die Druck- 
verandei^ngen; nachdem eine bestimmte Zeit verlaufen ist, unterbricht 
man daa Schiitteln, stellt die Sperrfliissigkeit auf ihren Anfangsstand 
ein und ferhalt so die Druckveranderungcn bei konstantem Volumen, 
die dureft den Ausschlag des Thermobarometers auf die Anfangstem- 
peratur clnd -aussendriieke korrigiert werden. Ist dies geschehen, so 
schiitteh Vnan die Manometer wieder. Die korrigierten Druckverander- 
ungen mit den Gefasskonstanten (1.22 1.28) multipliziert, geben den 
Sauerstoffverbrauch der Algen an. 

V. Versuche mit Einzelnen Salzlosungen. 

Als Elektrolyten sind die Chloride der Alkali- und der Erdalkali- 
metalle benutzt worden, um die Wirkung der Kationen zu vergleichen. 
Die sowohl als Nahr- wie auch als Reizstoffe dienenden Chemikalien 
stammten grossenteils von Mercks „ garantiert reinen ” Reagenzien. 
Zum Auslosen der Reizmittel benutzte ich doppeldestill. Wasser. Das 
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auf die iiblichc Weise gewonnene destill. Wasser wurdo unler Zusatz 
von 1 °/o igem Kalium Permanganat destilliert und dann von Glas zu 
Glas nochmals destilliert. Die Versuche warden, mit Ausnahme nur 
einiger Falle, wenigstens drei oder viermal wiederholt. 

1. DIE WIRKUNG DER ALKAUKATIONEN. 

a) Natriumionen. 

Die Krgebnisse sind in folgenden Tabellen zusammengestellt. 

TABKLLE 1. 

Laboratorium-Temperatur: 22.6 C. 

Temperatur d. Wassertherrnostats. 25 0 C\ 

Schwingungszahl 116 pro Minute*. 

Trog 1: 0.4 com Chlarella in 2 ccm 1 m. Nad. 

'Trog 2: „ „ in 2 ccm II 2 O. 

Trog 3: „ „ in 2 ccm Niihrlosung. 


Zeit. 

Nach 10 Minuten. 

16 

80 „ 

46 

60 

76 „ 

90 „ 

105 

Vcrbrauchte Sauerstoffmenge 

m kmm. 

1 

7.63 

11.26 

27.37 

43.62 

69.87 

72.24 

87.11 

103.36 

2 

17.28 

26.30 

61.72 

88.47 

106.77 

129.80 

164.04 

181.61 | 

3 

17.63 

26.00 

48.62 

73.62 

96.12 

114.74 

136.91 

167.11 

TABELLK 2. 

Laboratorium-Temperatur: 2.TC. 
Temperatur d. Wasserthermostats: 25°(\ 
Schwingungszahl 116 pro Minute. 

Trog 1: 0.4 ccm Chlorella in 2 ccm 10 1 m NaCI. 

Trog 2: „ „ in 2 ccm IIjO. 

Trog 3: „ „ in 2 ccm Nahrlosung. 



Verbrauchte Sauerstoffmenge 

in kmm. 

Zeit. 

- - 


- - 

1 

1 ! 


3 

Nach 16 Minuten. 

26.82 

26.87 

20.00 

80 „ 1 

48.23 

64.84 j 

41.60 

45 

67.34 

77.26 i 

61.60 

60 

88.02 

104.80 

82.88 

75 „ 

107.76 

129.37 

100.80 

80 

126.26 

162.14 

119.84 
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TABELLE 3. 

I^nborntonum-Temperatur: 22.5°C. 
Tempcratur d. Waqserthermostats: 25°C. 
Sehwingungs/ahl 116 pro Minute. 
Trog 1: 0.4 eon ('Morelia in 2 c cm 10~ 2 m NaCl. 

Trog 2: „ „ in 2 can H^O. 

Trog 3. „ in 2 ccm Nahrlbsung. 


Xeit. 

V orb rau elite 

Sauerstoffmenge 

in kmm. 

1 L 

2 

3 


Nach 15 Minuten. 

19.20 | 

26.34 

21.26 

no 

42.10 

51.75 

41.25 

45 

66.25 

79.36 

63.75 

60 

92.50 

108.10 

87.60 

75 

113.75 , 

133.40 

107. 0 

00 

137.5;? ! 

169.85 

128.76 


TABELLK 1. 

Laboi atoi iuin-Temperatur: 2TC. 
Temperatur <1 WasserthermostaU: 25 C. 
Scliwingungs/.dlil 116 pro Minute. 
'IVog 1* 0. lean ('hlorella in 2 a in 10 * m NdCi. 

Tiog 2: „ „ 2 rc m HoO. 

Trog 3: „ in 2 can Nahrlcisung. 


Zeit. 

Vei 

brauehte Sauerstoffmenge 

in kmm. 

1 

! 2 

3 


Naeh 16 Minuten. 

26.20 

1 29.23 

22.34 

26 

43.21 

r»4.20 

36.32 

30 

62.14 

62.14 

44.33 

45 

78.23 

87.42 

68.32 

60 

106.12 

118.45 

93.21 

75 „ 

131.23 

146.05 

118.20 

9) 

157.52 

| 174.83 

143.25 
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TABELLE 5. 

Laboratorium-Temperatur: 23.7°C 
Tempcratur d. Wasserthcrmostats: 2.7 , (\ 
Sch’vingungszahl 116 pro Minute. 
Trog 1: 0.4 com Chlorella in 2 ccm 10~ 4 in Nad. 

Trog 2: „ „ in 2ccm HoO. 

Trog 3: „ „ in 2 ccm Nahrlosung. 


Verbrauchle Sauerstoffmengo in kmm. 


Zeit. 

— -- 


- — 


1 

o 

a 

Nach 10 Minuter). 

20.20 

20.76 

16.61 

30 „ 

61.54 

66.61 

51.01 

45 

92.60 

98.90 

78.75 

60 „ 

! 117.24 

i 125.29 

100.99 

75 „ 

| 140.99 

151.74 

122.24 

oo 

159.74 

172.44 

140.99 


Aus den obigen Zahlen ersieht man, dass dor Sauerstoffverbrauch 
der Algon sehr regelmassig vor sich gohl, und dass it im doppeldestill. 
Wasser immer grosser als in der Nahrlosung isl. Betr. der Ursache 
dieser Krseheinung vermutete Wo. OsTWALD (1910), dass destill. 
Wasser nur deshalb giftig sei, weil es dem Protoplusma Sal/e entziehe. 

Ganz kiirzlieh hat es sich aber gezeigt, dass destilliertos Wasser 
kein Gift ist, vorausgesetzt, dass es von giftigen Boimischungen frei 
ist. In moinem Fall, wo dessen schadlirhe Wirkung auch nach der 
Befreiung von Beimischungen deutlieh isl, muss diese Wirkung den 
giftigen Substanzen zugesehrieben word on, welch e von Chlorella selbst 
infolge anomaler I,ebensorscheinungen ausgesehieden werden und 
anfanglich ausserst erregend vvirken. In 1 m. NaCl-Lasting ist aber 
die verbrauehte SauiTstoffmenge tatsiiehlich bedeutend geringer als 
in der Norm. In einer 10 1 m-Lbsung ist sit' aber etvvas grosser als 
in der Norm. In der 10“’m- sowie 10 _:i m-Lbsung steigt der Saucr- 
sloffverbrauch allmahlich, und in der 10“ 1 m-Lbsung wird er so gcstei- 
gert, dass er dem im doppeldestill. Wasser beinahe gleich wird. 
Diese Krseheinungcn gelten wenigstens fiir alle von tnir gepriiften 
Elektrolyten und fiir die Versuchsdauer von 3 Stunden. 

Um diese Verhaltnisse anschaulich zu machen, nabni ich den Sauer- 
stoffverbrauch von Chlorella in Nahrlosung als 100 Pro/.. (Norm) und 
gab denjenigen bei verschiedenen Mollbsungen von NaCl im Pro- 
zentsatz zur Norm an. 
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Die dabei erhaltenen Resultate sind in Fig. 4 wiedergegeben. Aus 
dieser Figur ist ersichtlich, dass hei den meisten Mollosungen der 
Sauerstoffverbrauch der Algen nach Ablauf von 90 Minuten nicht so 
deutliche Unterschiede zeigt. Aber man erkennt die Neigung des 
Sauerstoffverbrauclis der Algen, in den 10 2 m- f 10~ m- sowie 10 4 m- 



Fig. 4. NaCl' I 1 M, II 10' * M, III 10--M, IV 10" 1 M, V 10 'M. 

Losungen in den ersten 10-15 Minuten plotzlich zu steigen, urn dann 
allmahlich auf eine bestimmtc Prozentzahl zu fallen, wahrend bei der 
1 m- und 10” 1 m- Lbsung die Kurven des Sauerstoffverbrauchs den 
anderen entgcgengesetzt verlaufen. 


b) Kaliumionen. 

Was die Wirkung der Kaliumionen anbetrifft, so ergibt sich, dass 
in der 1 m-Lbsung die verbrauchte Sauerstoffmenge geringer als die 
Norm ist, wie das beim Na-Ion der Fall ist; in der 10” 1 m-Lbsung 
ist sie geringer als die in der Nahrlbsung, im Gegensatz zum Versuche 
mit NaCl, wo sie in der genannten Konzentration grosser als die 
Norm war. Erst in der 10~'-Losung steigt sie iiber diejenige bei der 
Nahrlbsung. 

In der 10~ 4 m-Lbsung wird der Sauerstoffverbrauch beinahe gleich 
demjenigcn beim doppeldestill. Wasser. 
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Fig. 5. KCl I 1M, II III 10--’ M, IV 10 :$ M, V 10 ■» M. 

Um diese Verhaltnisse des Sauers toffverbrauchs von Chlorella in 
den verschiedenen Molldsungen von KCl anschaulich /.u machen, sind 
die Resultate im Prozentsatz zu dem bei der Nahrlosung in Fig. 5 
graphisch zusammengestellt. 

c) Rubidiumionen. 

Die Wirkungen des Rb-lons sind starker als die dor Natrium- und 
Kaliumionen. Sowohl bei den Fallon von lO -1 in-, 1()~ 2 m- als auch 



Fig. 6. RbCl: II 10-’M, III 10--’ M, IV 10 ’M, V 10 4 M. 
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von 10” ’ m- Losungen ist dor Sauerstoffverbrauch dieser Algen viel 
goringor als der in dor Nahrlosung. Und erst in der 10~ 4 m-Losung 
steigt er fiber den bei der Nahrlosung. Die Resultate, umgerechnet 
auf den Prozentsatz derjenigen bei der Nahrlosung, sind in Fig. 6 
wiedergegeben. 


d) Lithiumionen. 

Die Versuche fiber die Wirkung des Lithiumions auf den Sauer¬ 
stoffverbrauch von Chlorella ergeben, dass das Lithiumion im allge- 
meinen auf den Sauerstoffverbrauch dieser Algen schadlich, jedoch 
nicht so schadlich wie Rb-Ion wirkt. In der 1()“* m-Losung ist der 
Sauerstoffverbrauch nach Ablauf von 90 Minuten etwas grosser als 
derjenige in der Nahrlosung, wahrend er sich in der 10~ 4 m-Losung 
vergrossert und beinahe gleich demjenigen im doppcldestill. Wasser 
wird. 

Um diese Verhallnisse anschaulich zu machcn, sind die Ergebnisse, 
prozentual zu dcnjenigcn bei der Nahrlosung umgerechnet, graphisch 
dargestellt worden. (Fig. 7). Aus dieser Figui* ersieht man, dass in 


% 



Fir. 7. LiCl I 1 M, II 10 1 M, III 10 - M, IV 10 M, V 10 »M. 


der 1 m-Liisung der Sauerstoffverbrauch ca. 50 Pro/., der Norm betragl. 
Und in der 10” 1 m-Losung steigt er bis yu 80 Proz., in der 10“ 2 m- 
Losung bis zu 92 Proz. und erst in der 10" m- und 10“ 4 m-Losung 
bis auf 108 bezw. 120 Proz. der Norm. 
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Um die Wirkung der verschiedenen Alkalikationen, namentlich von 
Na, K, Li und Rb, miteinander vergleichen zu konnen, sind die 
Resultate der Versuche mit verschiedenen Ionen nach Ablauf von 90 



20 


_I_I-1-!- 

10“ 4 M 10~ 1 M 10 =M 10“ 1 M 

Kon/entralion 


-J 
1 M 


Fig. 8. Wukung MTsthic'doncT Alkalikationen auf don Oj-Wibiain h 


Minuten in Fig. 8 graphisch zusaminengestellt. Aus dieser Figur sind 
zwischen alien einzelncn Alkalikationen in bezug auf die schiidliche 
Wirkung auf den Sauerstoffverbrauch folgende Reihen zu entnehmen. 

Rei der 1 m-Ldsung. K Na<^Li 
„ „ Wr l m-Losung. Na<^K<CLi<TRb 

„ „ 10“ 2 m-Ldsung. K<^Na<CLi<^Rb 

f , „ 10“ 3 m-Losung. K Na<CLi<^Rb 

„ „ 10 - " 1 m-Ldsung. K<CLi<CNa<Rb 

Aus diesen Ergebnissen kann man schliessen, dass im grossen und 
ganzen die Reihenfolge der schadlichen Kationenwirkungon auf den 
Sauerstoffverbrauch von Chlorella , wie folgt, ist: K<^Na<Li Rb. 
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2. DIE WIKKUNG DER ERDALKALIKATIONEN. 

Zunachst muss man die Wirkung der Erdalkalikationen, namentlich 
von Ba, Sr, Mg und Ca, auf den Sauerstoffverbrauch dieser Algen 
erkennen. 


a) Bariumionen. 

Die Versuchsergebnisse sind in der folgenden Figur in iiblichcr 
Weise graphisch dargestellt worden (Fig. 9). In der 1 m-Losung sinkt 





Fig. 9. HaCly. I 1 M, II lO-’M, III 10**- M, IV 10-* M, V 10-*M. 


die Mcnge des aufgenommenen Sauerstoffs auffallend, aber in der 
KT 1 m-Losung betragt sie 85 Proz. der Norm. In der 10~ 2 m-Losung 
steigt sie im Laufe von 15 Minuten plotzlich und sinkt dann allmahlich 
bis zur Norm. 

In der 10~ 3 m-Losung ist sie wahrend der ersten 10 Minuten der 
Versuche etwas gering, steigt aber allmahlich ganz wie bei der lO*” 4 m- 
Losung, indem sie bei den Losungcn zum Schluss ein gleiches Niveau 
erreicht. 
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b) Strontiumionen. 

In bezug auf die Wirkung der Strontiumionen auf den Saucrstoff- 
verbrauch von Chlorallo, habe icb gef unden, dass in der 10 —1 nvLibsung 
die verbrauchte Sauerstoffmenge jedenfalls geringer als die Norm ist, 
indem sie anfangs bedeutend kleiner, jedoch nach Ablauf von 40 
Minuten etwas grosser als diejenige bei der entsprechenden Losung 
von Ba wird. 

In der I0“ a m-Losung ist die verbrauchte Sauerstoffmenge grosser 
als diejenige bei dor entsprechenden Losung von Bariumn und der 
Nahrlosung. 

Weiter bemerkt man, dass sie in den 10“’ m- und 10 1 m-Losungen 



F.«. 10. SrCl 2 : II 10' 1 M, III 10 - M, IV !0 $ M, V ]0 J M 


sehr gross und beinahe gleich derjenigen beim doppeldestill. Wasser 
ist. Die beistehende Figur gibt das Verhaltnis der obigen Resultate 
wieder. 


c) Magnesiumionen. 

Was nun die Wirkung des Magnesiumions auf den Sauerstoffvcr- 
brauch von Chlorella anbetrifft, so sind die Krgebnisso in iiblicher 
Weise in Fig. 11 wiedergegeben. 

Wie man aus nebenstehender Figur ersicht, ist der Sauerstoffver- 
brauch in der 1 m-Losung erheblich geringer im Vergleich zu dem in 
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Fi*. 11. MgL'h- I 1 M, II 1C~‘M, III 10 *’ M, IV 10— 4 M, V 10 ' M. 


(lor Nahrldsung und zvvar betriigt or nur .‘12 Proz. dcr Norm. 

In dor 10'nvLbsung ist or geringer als dit; Norm, doch grosser 
als derjenigo hoi dor entsprechendon I.bsung von Barium, sodass das 
Magnesium in dieser Hinsicht zwisehen Strontium und Barium stoht. 
Krst in der 10““ m-Lbsung wird dio verbrauchte Sauorstoffmtnge durch 
dio Algon 1.03 mal, in dor 10“ 3 m-Lbsung 1.1 mal und in der 10“ 1 m- 
Lbsung 1.22 mal so gross wie diejenige in dor Nahrldsung. 

d) Calciumionen. 

Was ondlich die Wirkung des Ca-Ions anbotrifft, so ergeben die 
Versuche, class der Sauerstoffverbrauoh dor Algen nicht nur in don 
10" 1 m-, 10"“ m, 10 5 m-Lbsungen, sondorn auch in der 10 4 m-Lbsung 
ausnahmlos goringer als derjenige in dor Nahrldsung ist. 

Urn diese Verhaltnisse klar zu maohen, sind die Resultate in iiblicher 
Weise in Fig. 12 zusammengestellt worden. 

In der 10”' m-Losung nimmt der Sauerstoffverbrauoh dor Algen 
nach anfanglirh schroffom Sinken allmahlich ab, und zwar betragt er 
nach Ablauf von 90 Minuten nur noch 23 Proz. der Norm. In den 




WIRKUNG DER EI.EKTTOLYTEN AUF DEN SAUEKSTOFFVERRRAUCH 449 



Fig. 12. CoCl, • II 10- 1 M, III 10 -M, IV 10 • M, V 10 'M. 


10 ’ m- und 10“ s m-Lbsungen nimirit die Menge des verbrauchten 
Sauerstoffs in den erf ton 10 Minuten der Versuche etvvas langsam, 
danach steilor ab, sodass sie nach Ablauf von 90 Minuten nur 36 bzw. 
53 Pro/., der Norm betragt. Selbst in der I0“ 4 m-Lbsung betragt sie 
nur 90 Proz. derjenigen bed der Nahrlbsung. 

Um nun die Wirkungen verschiedenor Erdalkalikationen, namentlich 
von Ba, Sr, Mg und Ca, auf den Sauerstoffverbrauch dieser Algen 
zu vergleichen, sind die obigen Resultato in Pig. 13 zusammengestellt, 
die in alien Verhaltnissen der Fig. 8 entspricht. 

Auffallend und merkwiirdig isl es, dass die Kune der Calciumionen 
im Gegensatz zu den anderen ganz verschieden und einseitig ausgefallen 
ist. In bezug auf die schadliche Wirkung der verschiedenen Ionen 
ergeben sich die folgenden Reihen : 

Bei der 1 m-Lbsung. Mg<^Ba. 

„ „ 10 -1 m-Lbsung. Sr Mg<TBa<^Ca 

„ „ 10““ m-Lbsung. Sr Mg<CBa<^Ca 

„ „ 10" 3 m-Lbsung. Ba<Sr<CMg<Ca 

„ „ 10" 4 m-Lbsung. Sr<Mg<Ba vTa 

Aus diesen Resultaten kann man schliessen, dass die Reihenfolge der 
schadlichen Kationenwirkung auf den Sauerstoffverbrauch von Chlorclla 
im grossen und ganzen so anzugeben ist: Sr^Mg^Ba^Ca. 
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lO-'M 10 ! M 10 --’M 10-‘M 1 M 

Konzentration 


Fik. 13. Wirkung versehiedener Krdalkahkationrn auf die* O^Aufnahme. 

Aus diesen Versuchcn mit den verschiedenen Alkali- und Erdalkali- 
kationen geht also hervor, dass alle hier benutzten Kationen in reiner 
Losung auf den Sauerstoffverbrauch von Chlorella srhadlich wirken, 
so dass sic* in sehr verdiinnter Losung die Atmung beschleunigen 
konnen. Die scheinbare Ausnahme des Calciums beruht hochstwahr- 
scheinlich darauf, dass das Calcium am schadliehsten auf die Atmung 
dieser Pflanze wirkt, sodass die hier genommene Verdiinnung vielleicht 
noch zu klein war, um die beschleunigende Wirkung nachzuweisen. 

VI. ANTAGONISTISCHE IONENWIRKIJNG AUF DIE 

0 2 -Aufnahme. 

Uber die antagonistischen Ionenwirkungen auf die biologischen 
Systeme wurden schon zahlreiche Untersuchungen ausgefuhrt. Um 
die genannte antagonistische Kationenwirkung in bezug auf den Sauer- 
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stoffverbrauch bei Chlorella zu erkennen sind die folgenden Versuche 
ausgefiihrt worden. Die in den folgenden Zeilen mitgeteilten Ergebnisse 
sind aber meistenteils noch unvollstandig, u. a. ist der Funkt, wo der 
vollkommene Antagonismus zwischen den betreffenden lonen erzielt 
werden konnte, infolge verschiedener Mischverhaltnisse noch nicht 
festgestellt worden, sodass die folgenden Mitteilungen noch nichts End- 
giiltiges bringen. 

1 ANTAGONISMUS ZWISCHEN KIN- UNI> 
ZWEIWERTIGEN IONKN. 

a. Antagonismus zwischen Ca- und Alkalikationen. 

Die Ergebnisse in bezug auf den Antagonismus zwischen Ca- und 
einwertigen Kationen sind kurz in Fig. 14 zusammengestellt worden. 

Hier sei bemerkt, dass in dieser und in den folgenden Figuren die 
Ergebnisse immer in den Frozentzahlen der Nahrlosung angegeben 
worden sind. 


O/ 

/O 



Fig. 14. Wirkung gemischter Losungen von Ca- u. Alkulisal/.rn. 

Aus Fig. 14 ist ersichtlich, dass im Gemiseh von Na und Ca 
(90 ccm lO"' 1 m NaCl + lOccm 10’ 'm CaCL) die verbrauchte 0*-Menge 
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anfangs grosser, nach Ablauf von 60 Minuten kleiner als diejenige der 
Kontrolle ist, indem sie schliesslich ca. 86 9^ betragt, im Gtfgensatz 
zur reinen 10~ 3 NaCI-Losung, wo sic IIO 96 der Kontrolle betragt. Im 
umgekehrten M iseh verbal tn is (90ccm CaCU+lOccm NaCl) verhalt 
sich das System merkwiirdig, indom die Gegenwart von Na in kleiner 
Menge die 0*-Aufnahme stark beschleunigt und in den ersten 10 
Minuten ein Maximum (165 96 ) erreicht, um danach gleichmassig zum 
Werte der reinen NaCl-Losung h(*rabzusinken. 

Was die antagonistische Wirkung zwischen Ca und Na in bezug auf 
die Atmungsprozesse anbelangt, so linden sich nicht wenige Angaben 
dariiber in der Literalur. Z. B. ist sie bei Bac. mblilis (Brooks, 1920), 
bei Aspergillus niger (Gustafson, 1920), bei Eroded canadensis (Lyon, 
1921) und bei anderen Pllanzen nachgewiescn worden. Ferner sind 
ahnliehe Verhaltnissc in bezug auf das Wachstum von Weizen (Kkkd, 
1918, Osterhout, 1905), die Permeabilitat der Plasmahaut (Ostkr- 
Hour, 1905), die Slromung und andere Kigentiimlichkeiten des Plasmas 
(Ciiolodony.i, 1923\ und auf dm Geotro])ismus (CuoLonoNYJ, 1 9211) 
fostgestellt worden. 

Zunachst bleibt beim System Kf(a im Gemisch von 90ccm 10 m 
KCl-f-lOccm 10 'tn CaCL die Menge des verbrauchten Sauerstoffs 
wahrend der ersten 30 Minuten unter die Norm herabgeset/t, doch 
danach neigt sie dazu, Schritt fur Schritt bis zum Werte bei reiner 
I0~KCI Liisung zu steigen. Aus diescr Tatsaehe ist Ic'icht zu ent- 
nehmen, dass beim K etwas mehr Ca als beim Na zugeset/t worden 
muss, um die belreffende srhadliche Wirkung zu neutralisieren. Im 
umgekehrten Mischverhiilfnis wirkt dagegen die Gegenwart einer kleinen 
Menge K auf die (L-Aufnahme beschleunigend, indem die Kurve in 
den ersten 10 Minuten die Ilohe von 120 °/o der Kontrolle erreicht 
und danach der Grundlinie parallel verlauft. 

Betreffs dieses Antagonismus liegt cine ahnliehe Tatsaehe beim 
Langenwachstum der Weizenwurzel (Osterhout, 1SK>5), bei der Ander- 
ung dor Plasmaeigenschaften (Cholodonyj, 1923) und auch bei der 
Ammonifikation von Bacillus subtil is (Lipman, 1909) vor. 

Beim Gemisch von Li und Ca (90ccm 10”* m LiCl-flOccm 
10~ 3 m CaCL) ist, vvie aus der Figur ersichtlich, die Prozentzahl der 
verbrauchten Sauerstoffmenge in den ersten 10 Minuten unter samt- 
lichen hier benutzten Gemischen am kleinsten, trotzdem sie allmahlich 
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wachst, um nach Ablauf von 90 Minuten grosser als die bei der reinen 
10"“ 3 m LiCl-Losung zu werden. Drum ist es einleuchtcnd, dass die 
schadliche Wirkung des Li-Ions durch Zusatz von Ca-Ionen neutralisiert 
werden kann. Dagegen lauft die Kurve fiir das Gemisch von Ca(9) -f 
Li(l) grade entgegengesetzt zu der des vorigen Falls, sodass das Li 
zuerst stark anregend wirkt, indem die OrAufnahme nach Ablauf von 
90 Minuten, im Gegensatz zum Fall des vorigen Misehverhaltnisses, 
unter samtlichen am grossten war. Deshalb ist die Annahme berechtigt, 
dass dot* Antagonismus zwischen Ca und Li am starksten ist. 

Ein schwacher Antagonismus zwischen Li und Ca ist auch von 
Sakamuka (1921) in bezug auf die Beweglichkeit und den Zusammen- 
hang der Kolonie von Gonium mitgeteilt. Nach einer neueren Unter- 
suchung von Reznikoff (1927) iiher das Protoplasma von Amoeba 
dubia nirnmt die antagonistische Wirkung von Can, beim Plasmalemma 
in der Reihenfolge von Li>Na>K weg, und beim inneren Protoplasma 
fallt sie in der Reihenfolge von K -Na>Li aus. 

Kndlich bleibt im System von Rb t-Ca (90 ccm 10 m RbCl + 
lOccm 10“’m CaCl 2 ) die Prozentzahl dor verbrauchten 0»-Menge irnmer 
unter der Norm, jedenfalls mit kleinen Sehwankungen, und schliesslich 
betragt sie der Norm. In der umgekehrten Kombination von 

Ca(9) + Rb(l) wird die 0 2 -Aufnahm.» durch (logonwart einer kleinen 
Menge Rb beschleunigt, doch bleibt die Reschleunigung unter den 
samtlichen Alkalikationen am schwaehstcn. Deshalb ist der Schluss 
berechtigt, dass zwischen Ca und Rb auch ein Antagonismus besteht. 

Wenn man bloss aus diesen Krgsbnisson betr. der Starke der 
antagonistischen Wirkung des Ca auf die oben genannten Alkalika- 
tionen eine Folgerung ziehen soli, so ware nach dem Verlauf der 
Kurven etwa die folgende Reihenfolge als giiltig anzusehen: 

Li>K>Na>Rb 

b. Antagonismus zwischen Ha - und Alkalikationen. 

Die den vorigen ganz entsprechenden Versuche mit Ba und Alka- 
likationen ergaben die Resultate, die in iiblicher Weise in Fig. 15 
graphisch zusammengestcllt worden sind. Aus Fig. 15 kann man ent- 
nehmen, dass das Ba als antagonistisehes Reagenz in folgender Reihen¬ 
folge wirksam ist: K>Na>Rb>Li. 
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10 15 .*10 45 60 75 90 

Zeit in Minuten 


Fig. 15. Wirkung gemischter Losungen von Ba- u. Alkalisalzen. 

c. Antagonismus zwischen Mg- und Alkalikationen. 

Was nun den Antagonismus zwischen Mg und einwertigen Kationen 
anbelangt, so kann man etwa aus der graphischen Darstellung in Fig. 


o' 

/O 



10 15 SO 45 * 60 75 90 


Zeit in Minuten 

Fig. 16. Wirkung gemischter Ldsungen von Mg* n Alkahsalzen. 

16 entnehmen, dass das Mg in der folgenden Reihenfolge gegen 
Alkalikationen antagonistisch wirksam ist: K>Na>Li>Rb. 
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d. Antagonismus zwiscken Sr und Alkalikationen . 

Was endlich die antagonistische Wirkung von Sr auf die Alkalika¬ 
tionen anbctrifft, so sind die Ergebnisse in Fig. 17 graphisch zusam- 



Fig. 17. Wirkung gomischter Losungen von Sr- u. Alkalisal/on. 


mengestellt worden. Daraus kann man schliessen, dass das Sr in der 
folgenden Reihenfolge antagonistisch wirksam ist: K>Na>Rb>Li. 

2. ANTAGONISTISCHE WIKKUNG DER KINWERTIGEN 
KATIONEN UNTEREINANDER. 

Die Versuchsergebnisse sind in den Figuren 18 und 19 in iiblicher 
Weise zusammengestellt worden. 

Aus Fig. 18 ist ersichtlich, dass im Gemisch von K und Na (90 ccm 
10” 3 m KC1 +10 ccm 10 3 NaCl) die Prozentzahl der aufgenommenen 
Oi-Menge jedenfalls grosser als die der Kontrolle ist, indem sie in 
den ersten 10 Minuten ihr Maximum von 125% erreicht. Ganz all- 
mahlich sinkt sie ein wenig, sodass sic nach Ablauf von 90 Minuten 
der der reinen Losung beinahe gleich ausfallt. Beim umgekehrten 
Mischverhaltnis (90 ccm Na + lOccm K) wirkt das Gemisch auf die 
CVAufnahme ganz anders als das vorige. Wahrend der ersten 15 
Minuten nimmt die aufgenommene O t -Mengr enorm zu, und erreicht 
ein Maximum von 165%, Danach nimmt sie allmahlich ab, doch 
betragt sie beim Abschluss des Versuchs noch 1519^ der Norm. 
Dcmnach ist klar, dass das K die beschleunigendc Wirkung von Na 
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Kirf. IK. Wukung Kt*imschtor Salslrisungcn \on Na u. K, Na u. Kb, u K u. Ia. 

auf die Atmung we iter enorm verstarken kann, im Gegensatz zum 
Fall des umgekehrten Mischverhaltnisses, wo die doulhch verstarkende 
Wirkung von Na auf K aushleibt. Mbglich, sugar sehr wahrscheinlieh, 
daft diese Erscheinimg auf der kombinierten Wirkung von K und Na, 
die Lokb (1911) „ Salzeffekt ” gennnnt hat, herulit. 

1m Cemisch von Rb und Na (91) cem lO”* 1 m RbCH lOeem 10 1 in 
NaCl) steigt pldtzlich die lVo/ontzahl der verbrauehten (X-Menge in 
den ersten 10 16 Minuten, urn nachher bis zum Werte bei reiner 
NaCl-Lbsung zu sinken. Man erkennt also, dass die Wirkung des 
Rb-Ions auf die (X-Aufnahme dm eh Zusatz von Nalon gesteigert wird. 
1m umgekehrten Mischverhaltnis der genannten lonen, d. h. 90 ccm 
Na + lOccm Rb, kam im Gegenteil fast gar koine augenseheinliche 
Anderung der aufgononnnenen (X-Mcngc zum Vorsehein. 

Zunachst fiillt bei der Kombination von K und Li die absorbierte 
(X-Menge im Gemisch von 90cem 10 m KG I 10ccm 10 in LiCI 
nach anfanglicher Steigerung zum Schluss kleiner als bei reiner KC1- 
Losung aus. Im umgekehrten Mischverhaltnis ist aber zwischen den 
beiden lonen ein Antagonismus deutlieh, indem die aufgenommene 
0 2 -Menge wahrend der ganzen Versuchsdauer der der Kontrolle beinahe 
gleich war. 

Wie man aus Fig. 19. ersehen kann, steigt bei d(‘r Kombination 
von IK) ccm KCl+lOccm RbG die Atmung in den ersten 30 Minuten 
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Kiuf. l c ). Wirkung gcmischter Salzlosungon von K u. Rl», Li u Rl». u Na u. Li. 


liber die bei reiner KCl-Lbsung, um dann bis /ur Menge bei let/terer 
zu sinken. Im Gegensatz dazu wird beim System im umgekehrten 
Mischverhaltnis die schadliche Wirkung von Kb auf den OrVerbrauch 
durch Gegenwart von K abgesehwacht, sodass die* aufgenommene 0»- 
Menge naeh Ablauf von 90 Minuten etvvas keliner a Is die bei dor 
reinen KCl-Lbsung ausfallt. 

Zunachst ist im Gemisch von 90ceni LiH \ lOeem NaGI die 
beschleunigende Wirkung von Na auffallend; beim Absclduss des 
Versuchs betriigt sie 145 % dor Kontrolle. Dor Versueli rnit deni 
umgekehrten Mischverhaltnis ergab aber wahrend der erslen 30 Minu¬ 
ten eine maximale Besehleunigung des O/Verbrauehs; beim Absehluss 
des Versuchs betrug die aufgenommene (VMenge \2\% der Kontrolle, 
die jedenfalls grosser als die bei reiner NaCl-Lbsung ist. 

Was zuletzt die gegenseitige Wirkung von I A und Rb anbetrifft, 
so ist aus Fig. 19 zu entnehmen, dass im Gemisch von 90 ran Rb(1-t* 
10 ran LiCl die absorbierte OrMenge wahrend der ganzen Versuchs- 
dauer entsprcchend der der reinen Rb-I.bsung wachst, sodass die 
beschleunigende Wirkung der Li-Ionen auf die* Oj-Aufnahme der Algen 
auffallig ist. Im Gegensatz dazu tritt beim umgekehrten Misrhver- 
haltnis eine ahnliche Wirkung von Rh nui im Anfang des Versuchs 
hervor und bleibt durchweg konstant auf der Hbhe der reinen Li- 
Losung. 

Diese Krgebnisse werden besser verstiindlich, wenn man hier auf 
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die im vorigcn Abschnitt angegebene Kationenreihe: K<^Na<![Li<^Rb 
Rucksicht nimmt, vveil der Stand je zweier Glieder in dieser Reihe 
ausschlaggebend dafiir zu sein scheint, wie sich das cinzelne Kation 
im Gemiseh mit irgendeinem anderen verhalten soli. Mit anderen 
Worten, beim Zusatz einer kleinen Menge wirkt das Kation links in 
der Reihe anregend und das rechts in der Reihe hemmend fur die 
anderen ; jedoch wird dabei nieht deutlich, ob die beiden Ionen, je 
mehr sie sich von einander entfernen, umso wirksamer aufeinander 
sind. 

3 ANTAGONISTISCIIK WIRKUNG I)KR ZWEIWERTIGKN 
IONEN UNTEREINANHKR 

Die Versuchsergel)nisse mit don Kombinationen von Mg h Sr, Ba F 
Sr und von Ca I Sr sind in Fig. 20 und die der Kornbination von 
Mg+Ba, Mg I Ca und von Ba I Ca in Fig. 21 wiedergegeben. 

Aus Fig. 20 ist /u ontnehmen, class das System Ba \-Sr in so in cm 
Miscbverhaltnis \on 90ccm BaCI* I lOrrm SrCl 2 die O a -Aufnahme der 



Fitf- Wnkung Sal/.losung<*n \on Mg u Si, Ba u. Sr, u. Ca u. Sr 

Algen auffallend beschleunigt irn Gegensatz zum umgekohrton Misch- 
verhaltnis (90 com SrCl 2 +10ccm BaCl s ), wo sie erheblich herabgesetzt 
und /.war vied kleiner als die Norm ist. Man ist also berechtigt, daraus 
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zu schliessen, dass die Wirkung des Ba durch Zusatz einer kleinen 
Menge Sr weiter beschleunigt und im anderen Falle die? Wirkung des 
Sr in Gegcnwart einer kleinen Menge Ba stark gehemml vvird. 

Mit etwas kleineren Ausschliigen als beim System Ba t Sr verhalt 
sich auch das System Ca4-Sr ahnlich. Zwar vvirkt es in seinem 
Misehverhaltnis 90ecm CaCl 2 -Fl0ccm SrCl 2 anregend auf die (),- 
Absorption, indem die Kurve ganz ahnlich der verlauft, die hei der 
reinen SrCl.-Ldsung vorliegt. L)ageg(n ist beim Cemisch von 9()ccm 
SrChf lOccm (’aCL charaktcTistisch, dass die Kurve in den listen 
10 Minuten ihr Minimum erreicht und sich bis zum Abschluss des 
Versuchs in vicl niedrigerer Hbhe als die der Kontrolle halt. 

Das gleiche Verhaltnis kann man auch beim System Mg I Sr vvahr- 
nehmen. IJnd zwar heschleunigt ein kleiner Zusatz von Sr dir () 2 - 
Aufnahme stark, wahrend durch die Gegcnwart einer kleinen Menge 
Mg im umgekehrten Misehverhaltnis die beschleunigend Wirkung von 
Sr besonders in d<*n ersten 10 Minuten gehemmt wird. 

Wie man aus Fig. 21 sehen kann, wirkt beim System Mg I Ba 
ein kleiner Zusatz von Mg (90 ccni Ba('b I 10 com Mg('b) ebenfalls 


r /o 



Fi#. 21. Wirkung giniisthtei SabloMingcn von Mr u l»a, Mji u. ( a, u Iki u (_.t 

stark beschleunigend, im umgekehrten M .chverhaltnis dagegen die 
Gegcnwart einer kleinen Menge Ba nach anfanglicher Beschleunigung 
hemmend, sodass sich die Kurve nach Ablauf von 90 Minuten der 
der reinen Mg-Iiisung nahert. 
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Ahnliche Verhaltnisse sind auch bci den Systemen Mg + Ca und 
Ba + Ca zu beobachten. 

So sind auch bei den zweiwertigen Kationen die gleichen Verhalfr- 
nisse wie bei den einwertigen wahrzunehmen. Und zwar entscheidet 
die Stellung eines Kations in der Roihe Sr<Mg<Ba<[Ca dariiber, 
ob ein Ration reizend oder hemmend wirkt. Der Abstand zwischen 
je zwei Kationen in dor Reihe ist dabei im grossen und ganzen aus- 
schlaggobend dafiir, wie stark sie aufeinander wirksam sind. 

VII. Diskijssion. 

Es ist seit langem bekannt, dass reine Salzlosungen auf verschiedene 
Lobonsorschoinungen sch'adlich wirken, indem sie sich je nach der Art 
und der Konzentration fordornd oder hemmend aussern. So ist z. B. 
die beschleunigende Wirkung von Na- und K-Salzen, jedenfalls in sehr 
verdunnter Lbsung, auf die Atmung von Jacobi (1899), Kosinski (1902) 
Brooks (1920), Gustafson (1920), Lyon (1921), Lundkoardh (1924) 
und Tamiya (1928) bei verschiodonen Pflanzen festgestollt worden. 

In moinem Versuche an CM oral la habe ich boobachtet, diss der 
Oa-Verbrauch in der 1 m-NnUI-Lbsung geringor als in der Norm ist, 
aber von der 10“ 1 m-Verdiinnung an stark beschleunigt wird. Die 
Ur sac he dafiir, dass Lyon (1921) bei El odea canadensis eine geringere 
(XVAusbdieidung in d r 10” 1 m- NaChLbsung als in der Norm beo¬ 
bachten konnte, ist wahrscheinheh darin zu suchen, dass Elodea cana¬ 
densis gegon mechanische oder chemische Reize weniger widerstands- 
fahig als unsere Vorsurhspflanze war. Es muss hier betont werden, 
dass uherall in meinem Versuche beirn V( % rgleich der hier gewonnenen 
Ergebnisso mit anderen die Boriicksichtigung dieser Tatsache wichtig 
war. 

Was nun Li und Rb anbetrifft, so ist auch von Benecke (1907), 
Ono (1900) Cholodony .1 (1923) und anderen die giinstige Wirkung 
auf das Wachstum und die Plasmabewegung der verschiedenen Pflanzen 
nachgewiesen. u. a. hat Chouodonyj (1923) den Einfluss des Rb- 
Ions auf den Geotropismus der Wurzel von Lupinus albas, Zea mays 
u. a. studiert und nachgewiesen, dass das Rb-Ion eine etwas geringere 
Giftigkeit als Li besitzt. Bei Chlorella iibt aber Rb eine starkere 
Wirkung auf die Atmung aus, und erst in der 10~ 4 m-Verdiinnung 
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wird der O s -Verbrauch etwas grosser als der in der Nahrldsung. 

Schadliche Einfliisse der Krdalkalisalze, ahnlioh den eben geschilder- 
ten, sind auch bei verschiedenen Pflanzen von Gunther (1897), Tamiya 
(1928), Brooks (1920) Cholodonyj (1923) u. a. konstatiert vvorden. 
So gibt z. B. Lyon (1921) an, class in einer 0,07 rn- CaCf-Losung die 
von Elodea canadensis nach Ablauf von 90 Minuten vorbrauchte () 2 - 
Menge nur etwa 60'^ der Norm betrug. Man sicht, dass diese Zahl 
doch viel grosser als die bei Chlorella ist, vvoil sie dorl selbst in einer 
10“' m- Lbsung kaum mehr als die Halfte der oben genannten Zahlen 
betrug. Soleh schadliche Wirkung wie die des Ca-Ions auf den (),- 
Verbrauch von Chlorella konnte ich in den Alkali- und den Librigen 
Erdalkalikationen nicht feststellen. Iliernach sollte man tinrnhmen, 
dass diese Ergebnisse auf der Beseitigung der Ca-Salze aus der Nahr¬ 
ldsung, wie das bei meinen Versuchen geschehen ist, beruhen ; trot/dem 
ist von mehreren Forschern (Momsch, Benkcke) nachgcwicson worden, 
dass die Ca-Ionen fur die Kultur d< r griinnen Algen uberlhissig sind. 
Man kann also diese Resultate als die eigentlich physiologischen 
Wirkungen d(S Ca-Ions auf den Sauerstoff verbrauch diese r Algen 
betrachten. 

Was zunachst den Mechanismus der toxiVhen Wirkung reiner 
Salzlbsungen anbelangt, so hat Hans'IHEN-Ckannkk (1910-191 I) durch 
seine Arbciten viel zur Klarung dioser Frage beige!ragen. Lr fund 
durch zahlreiche IJntersuchungen die wichtige Tatsache, dass die 
Ursache der Giftigkeit der Salze nicht in der Strukturveranderung 
im Innern der Zelle liegt, sondern in den Oberflachenwirkungen /u 
suchen ist. Es wurden in erster Linie nur solche Pllan/enorgano 
angegriffen, die in unniittelbaren Konlakt mit der schadliehen Liisung 
geraten und bei denen ein schnellcs Flaehemvachslum der jungen 
Zellen vor sich gelit; die von der Fliissigkeit nicht beruhrten Gewebe- 
teile bleiben, auch wenn sie den angegriffenen dirckt benachbnrt sind, 
intakt. 

Zur Erklarung der Giftigkeit reiner Salzlbsung geniigt es nicht 
allein, ihre kolloidchemische Wirkung auf die Zellwancl zu beiiicksichti- 
gen. Einige Salze iiben schon nach kurz<*r Zeit auf erwachsene Zellen 
eine Giftwirkung aus, wobei die Zellwand ihr normales Aussehen 
behalt. Bekanntlich lasst die Zellwand einer lebenstatigen Zelle die 
Salzlosung fast momentan durch, und die Wirkung der letzteren richtet 
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sich haupts’achlich auf die Oberllache des Plasmas, was dann zunachst 
dem weiteron Kindringen der Salze Widerstand leistet. Bald aber 
dringen die Salze doch in das Plasma ein und zwar mit sehr verschie- 
dener Geschwindigkeit. Dringt nun das Plasmolytieum in die Vakuole 
tun, so wird das Plasma wieder an die Zellwand gepresst, und aus 
der Geschwindigkeit dieses Prozesses kann man auf das Kindringen 
der Ld^ung Sehliisse ziehen. Um zu zeigen, welcher Zusammenhang 
zwischen der Permeabilitat des Plasmas gegeniiber einem Stuff und 
seiner Giftigkeit besteht, soli nun das Eindringungsvermogen der Alkali- 
und Erdalkalikationen untersucht werden. 

Kiir das Eindringungsvermbgen der Salze versehiedener Kationen 
gibt Trondle (191H) folgende Heihe (vorwiegend Chloride): Ca< 
Si <^Ba<^Mg<CIa<rNa<CK<Rb, d. h. die Alkalisalze dringen viel 
leiehter als die Erdalkalien in das Plasma ein. I lurch die Methode 
der Grenzplasmolyse verglieh auch Fiiting (1915 1917) die Anfangs- 
gesrhwindigkeit des Grcnzplasmolyscneintritts verachiedener Alkalisalze 
und stellte fesl, dass, wrnn nidi die Kationen variiert, sieh die Heihe: 
Li<"Na<CK ergibt. Das Vormog« n der Kationen, das Wachstum der 
//e/ma/Az/N-Keimlinge zu unterdriieken, nimrnt nach Borowikow (1916) 
folgender Reihe entspreehend zu: NI I 4 <^K<^Na<T Ia<CMg<^Ba<C 
Ca<CSr<rNi<rMn' Hg<CCu. Vor Borowikow fand schon Saran- 
uinaski (1912) fiir das Wachstum junger Keimlinge folgende Hem- 
mungsreihe (neutrale Lb sung, Sal/e 0.001 m, Chloride) : NHj<TK<C 
Na<Li<Mg<Ca<Sr<Ba<Ni<Mn<Cu<Hg. Diese beiden stim- 
men gut miteinander iiberein, indem sich die Kationen in beiden 
Reihen nach den Gruppon d(T steigenden kolloidchemischen Wirksnm- 
keit ordnen. 

Boas (1921) untersuchte den Kinfluss der Salze auf die Ilefegarung 
der wichtigen Zuckerarten und fand, dass die Salze die Garungsinten- 
sitat den folgenden Reihen entspreehend fordern : Li<CNa<CNHj<C 
K, Mg<CCa<CBa. Dass bei der giftig<n Wirkung der Salze deren 
Kindringen ins Plasma eine llauptrolle spirit, folgt aus den llnter- 
suchungen von Spkk (1921-1923) und Kano (1921 '26). Beide Au- 
toren kommen zu dem Schluss, dass die Giftigkeit der Neutralsalze 
parallel mit der Permeabilitat des Plasmas fiir diese Salze zunimmt. 
Nach Spkk sollen ausserdem diejenigen Salze, welche besser eindringen, 
auch die Wasseraufnahme dutch das Plasma begiinstigen, w’ahrcnd sie 
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durch die schlecht eindringenden Salze gehemmt wild. 

Nach meinen Versuchen hcmmen Alkali- und Erdalkalikationen den 
Suuerstoffverbrauch dieser Algen nach folgender Reihe: 

Alkalikationen: K<CNa<^Li<TRb. 

Erdalkalikationen: Sr<Mg<Ba<Ca. 
lm Vergleich mit der Reihe Boas’ weicht die Stellung des Magnesiums 
bci mir von dor bei ihm ab. Diese Tatsache spricht in siarkster 
Woise dafiir, dass die sehadliche bzw. stimulierende Wirkung der 
Alkali* und Erdalkalikationen in grossen und ganzen mit der Reihenfolge 
der lVrmeabilitat iibercinstimmt. Natiirlieh ist die Fahigkeil der 
Neutralsalze, in das Plasma einzudringen, ein physikochemisclior Pro- 
zoss, dor im Zusammenhang mit dem Vermbgen der Salze, den kol- 
loidalen Zustand des Plasmas zu andern, sleht. Und di(‘se Wirkungen 
sind in erster Janie auf reversible Zustandsandorung des Plasmas 
zurliekzufiihren. 

Friihor hat Hueitk (1896) Folgondes als „ biologisehos Grund- 
ge^etz ” fnrmuliort: Jeder Korper, der in bestimmter Kon/enlration 
Protoplasma tdtet und verniehtet, hebt in geringerer Menge die Ent- 
wicklungsfahigkeit auf, wirkt aber in noch geringerer Menge, jenseits 
eines Indifferenzpunktes, umgekehrt als Reiz und erhdht die Eebens- 
eigenschafti n. Nach meinon Versuehsergebnissen trifft dies aueh beim 
Sauerstoffverbraueh von Chlorella zu. 

Was endlich die antagonistisehe lonenwirkung an bet riff!, so wird 
sie duivh die gegenseitige Verdrangung der verschiedonon lonen bei 
der Adsorption erklart, weil nach Masius (1908) alle EinzoEtoffe im 
Gemische sehwaeher als in reinen Sal/lbsungen adsorbiert worden. 
Einzelne starker adsorbierbare Stoffe werden aueh im Gemische starker 
adsorbiert, Innen mehrvvertiger Metalle worden starker adsorbiert als 
lonen einwertiger, sodass es verstandlich ist, weshalb eine verhaltnis- 
massig kleine Menge von Calciumsalzen eine grossen 1 Menge von 
Natriumsnlzen entgiften kann. 

Werfen wir noch einmal die Frage auf, inwiefern bei ph>sio!ogi- 
schem lonenantagonismus die Adsorptionserschoinung eine Rolle spielt. 
Man findet in der Literalur sehr haufig Hinweiso auf die gegenseitige 
Ionenverdriingung bei antagonistischen Erscheinungen, wobei die star- 
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ker adsorbierenden Ionen die schwacher adsorbierenden verdr’angen. 
Jedoeh durch Adsorption allein konnen wir die antagonistische Kationen- 
wirkung nicht erklaren ; denn es bleibt dann vollstandig unverstandlich, 
warum die Ionenreihen mit den Reihcn dor Adsorption und dor Gift- 
wirkung nicht immer iiboreinstimmen. Daraus geht htrvor, dass die 
Adsorptionserscheinungcn beim Iononantagonismus koine dominiercnde 
Rolle spielen kbnncn. 

Kaho (1921) untersuchte die gegenseitigc Ifemmung dor Aufnahme 
in Salzgemischcn naher und kam zu folgenden Kigebnissen: Die 
antitoxisehe Wirkung eines Salzes steht irn engsten Zusammcnhang 
mit seiner permeabilit’atshommendcn Wn ksainkeit; je inehr ein Neu- 
tralsalz das Eindringungsvermiigen eines anderen (giftigen) Salzes 
horabsetzt, desto starker wirkl es antitoxisch ; die prnneabilitatshem- 
mende Aktiviliit eines Salzes ist seiner Eindringungfahigkeit umgekehrt 
proportional, je schwerer ein Sal/, selbst in das Plasma eindringt, urn 
so grosser ist seine* antagonistische Wirkung don anderen Sal’/en gegeiv 
liber. 

Fur Kationen, die sieh in Gemisehen zweier Salze mit demselben 
Anion befinckn, ergabtn sieh folgende praktische Regeln : Die Auf- 
nalime eines jeden Salzes dor Permeabilitatsreihe K>Nap>Li>Mg> 
Ba>Ca wire! durch ein beliebiges anderes Salz gehemmt, dessen 
Ration in dc r Reihe rechts von dem ersten steht. Diese Hemmung 
ist um so starker, je grosser der Abstand zwisehen den Kationen in 
dor Reihenfolge ist. Die zweivvertigen Kationen haben ihrer grosseren 
Kolloidaktivitat gemass cine bedeutend grbssere Hemmungskraft. 
Durch exakte Versuche bestiitigte MacDouhal, dass, wie schon Kaiio 
berichtet hatte, beim Permeieren die Kolloidaktivitat der Salze mass- 
gebencl ist. Wenn die* den (\-Verbrauch beschleunigende Kationen- 
roihe K^Na>Li>Rb bzw. Sr>Mg>13a>Ca bei Chlorella dcr Per- 
meabilitatsreibe der betreffenden Kationen gleieh gestellt werden kann, 
so steht die genannte Regel auch mit unseren Ergebnissen im Einklang, 
wie wir im vorigen Abschnitte beim physiologischen Antagonismus der 
ein- odor zweiwertigen Kationen gesehen haben. 

Anderseits kann man etwa aus den Lecithinversuchen von Nkusch- 
loss (1920-1921) ersehen, dass der Kationcnantagonismus sieh nicht 
bloss bei einem bestimmten Verhaltnis je einer absoluten Ionenkonzen- 
tration aussert, sondern, dass unabhiingig von der absoluten Konzen- 
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tration das Konzentrationsverhiiltnis zweier Ionen allein entscheidet. 
Diese Erscheinung wird auch durch die Versuche von Loer (1915) an 
Balanus-Larven bestatigt. Sie eignen sich fiir solche Versuche, ahnlich 
wie hundulus m Arten, deswegen, weil ihr Leben weitgehend von deni 
osmotischen Druck ihrer Umgebung unabhangig ist, Loer fand nun, 
dass die Larven nur bei einem einigermassen bestimmten Konzcntra- 
tionsverhaltnis zwischen Na : K einerscits und Oa : Mg anderseits, nam- 
lich im Mittel 35 : 1, normal umherschwimmen, wcnn auch die absolute 
Konzentration um etwa das zehnfachc variiorte. 

Die Ahhangigkeit der antagonistischen Salzwirkung von dem 
Mischverhaltnis zweier Losungen tritt auch bei moinen Versuehen 
hervor. So konnten wir z. B. im Gemisch von Na : K 1: 9, wie Fig. 
18 zoigt, fast keinon Antagonismus, vielmehr hcschlcunigenc Wirkung 
auf den Sauerstoffverbrauch von Chlorella bemcTken, wiihrend cr im 
Gemisch des umgekehrten Verhaltnisses, d. h. Na:K=9:l, deutlich 
war. 

Die Hypothec Pfkffer’s betr. der Existenz einer Plasmamctnhran 
brachten auch Hober und Loeb (1916) zum Ausdruck. Der zulel/t 
genannte Autor nimmt an, dass reines NaCl die Kolloide der Plasma- 
oberdache erweicht und sie penneabel maeht, wiihrend mehrwerlige 
Ionen ihre Verharlung verursachen. Der zuerst genannte Autor erklart 
die antagonistische Salzwirkung als eine Entquellung der Plasma- 
membran durch die zweiwertigen Ionen. Auch Ostkkhoit (1905) 
fiihrt die antagonistische Salzwirkung auf eine Permeabilitiitsiinderung 
der Protoplasmaoherflache zuriick. Er zeigte, dass die Plasmolyse der 
Pflanzenzelle durch reine Losungen von Natriumchlorid oder Calcium- 
ehlorid einer grbsseren Salzkonzentration bodurfe als die Plasmolyse 
duich das Gemisch dieser Salze, welches denselben osmotischcn Druck 
hat. Daraus schloss er, Hass beide Salze sich gegenseitig am Eintritt 
in die Zelle hindern. Anderseits vergrbssert sich nach Osterhout 
die elektrische Leitfahigkeit der Gcvvebe von Laminaria nach dem 
Uberfiihren aus Seewasser in reine Natriumchloridlbsung his zur Leit¬ 
fahigkeit der toten Gewebe. Calciumsalze rufen zuniichst eine Ver- 
minderung der Leitfahigkeit und erst spater eine solche Erhbhung 
hervor, wie sie Natriumsalze verursachen. Wenn aber in der Lbsung 
beide Salze vorhanden sind, so nehme die Leitfahigkeit des lebenden 
Gewebes zuerst ab, um alsdann langsam zu zunehmen. Die geringe 
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Leitfahigkeit der lebenden Laminaria -Gewebe schreibt Osterhout der 
geringen Permeabilitat dos Protoplasmas fur Salze, die Wirkung der 
einzelnen Salze ibrer Vergrosserung oder Vorminderung zu. Im 
Gemisch sollen dagegen die beiden Salze sich gegenseitig am Eintritt 
in die Zelle hindern. Die Versuchsmethodik Osterhout’s scheint aber 
nach Hober fiir die Erklarung der Verhaltnisse in lebenden Zellen 
nicht passend zu sein, weil sich die Gewebe in den Versuchen Oster- 
hout’s unter anomalen Bedingungen befanden. Dass aber dabei die 
Permeabilitiitsveranderung die Hauptrolle spielen, ist bis jetzt nicht 
bewiesen. Im Gegenteil ist es nicht ausgesohlossen, dass die antagonis- 
tische Salzwirkung sich im Zellinnern abspielt, wie z. B. Versuche 
von Reed (1918) zeigten. 

Man kann also zur Zeit noch kein vollstandiges Bild der antagonist 
tischen Ioncnwirkung auf das Protoplasma entwerfen; man darf aber 
vorausselzen, dass sich durch gegenseitige Verdr’angung der lonen bei 
der Permedbilitiit die antagonistischen Ersrhoinungen erklaivn lassen. 

VIII. Zl T SAMMENFASSl JN( 

Die Result ate der voiMi hende n llntersuchungin lassen sich, wie 
folgt, zusammenfassen : 

1. Chhrella brau< ht viel mehr Sauerstoff im doppeldcstill. Wasscr 
als in Niihrlbsung. Natiirlich kann dies eine temporare Erscheinung 
hein, doch halt dieser Zustand wenigstens L] Stunde lang an. 

2. In Nahrldsung betiagl die durch 0.1 ccm (frisches Volumen) 
ChloreUa verbrauchte Sauers!offmenge wahrend IX) Minuten ca. 160- 
200 cmm. 

H. In bo/ug auf den O./Verbrauch von Chlorclla kommt im allge- 
meinen den einzelnen konzentrierten Alkalikationen ein sehadlicher 
Einiluss zu, wahrend verdiinnte Alkalikationen erregend wirken. Unter 
samtlichen Alkalikationen sind Rh am meisten und die K-Ionen am 
vvenigsten schsidlich. Die Reihenfolge dor beschleunigenden Kationen- 
wirkung auf den Sauerstoffverbrauch ist je nach der Konzentration 
verschieden, aber man kann die folgende in ihrer Sehadlichkeit stei- 
gende Reihe als giiltig annehtnen: K<Na<Ki<Rb. 

4. Ahnlich wie hei den vorigen liegt der Fall bei den Erdalkali- 
kationtn, u. /war kommt jedem einzelnen konzentrierten Erdalkalikation 
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ein schiidlicher und im Vergleich /um vordiinnten beschleunigender 
Einfluss zu. Ca ist das schadlichste und Sr das giinstigste. Die 
Wirksamkeit der einzelnen Kationon ist je nach der Konzentration 
verschieden, aber die Reihonfolge der Wirksamkeit kann otwa, wie 
folgt, aufgestellt werden: Sr<Mg<Ba<Ta. 

5. Bei der 0 2 -Aufnahme durch Chlorella sind antugonistisch die 
zweiwertigen gegen die' einwertigen Kationon etwa in folgendon Reihen- 
folgen vvirksam : 

Bei (a: Rb<Na<K<Li 
BeiBa: Li<Rb<Na<K 
Bei Mg: Rb<Li<Na<K 
Bei Sr: Li<Rb<Na<K 

6. Die antagonistisehen Wirkungen eines Salzes gegen die anderen 
ist nicht bloss von der absolulon Konzentration, sondorn auch von 
dem Verhaltnis zweier Salzlosungen abhangig. 

7. Die Wirkung der ein- bzw. zweiwertigen Kationon unteroinundcr 
sind ebenfalls aus der Kolloidaktivitat der betreffendon lonen verstand- 
lieh ; Die Kationonreihe K<CNa<^Li<TRb b/w. Sr<f Mg^Ba^Ca ist 
dabei im grossen und ganzen ausschlaggobond fiir die Wirkungsweise, 
indem das Kation links in der Reihe bcschleunigend, das reehts hem- 
mend vvirkt. 

8. Bei dem Sauerstoffverbraueh dieser Algen spielt der Kalkfaktor 
oino grosse Rolle. 
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Report of the Biological Survey of Mutsu Bay. 
13. Echinoidea. 


By 

Th. Mortensen, Copenhagen. 

(With PI. XIX) 

The material of Echinoids from the Mutsu Hay, sent me for 
examination by Professor San.ii Hozavva, comprises the following 10 
species. 


1. Glyptocidaris crenularis A. Aoassiz. 

(PI XIX, Fig. 1, Text-fig. 1) 

A Agassi/. Revision of the Echini. 1872—74. p. 187. PI. VII. a, figs (>, 8, 9 
(here named Phymosoma crcnulaie). 

YosillvVAKA. .Japanese Echini. Zoological Magazine Tokvo. XVIII 1906. PI. 

VII. figs. 1-6. (heie named Cnptosoma crenulare) 

L. DdoF.Rl.KfN. Die polvporen Ethinoiden von .Japan. Zoologischer An/eiger 
XXX. 1906. p. 520. 

31. L. Clark. Hawaiian and other Pacific Echini. Pedinulae Echinometndae. 

Mem Mus. Comp. Zool. XXXIV. 1912. p. 228. PI. 90 5- 10; 92. 1 11; 
106. 1 2 

Station 2 (I); 29. VII. 1926 ; off Asamushi: coll. S. Takaisi ki; 
Spec. No. 1120. 

Station 2; 10. VIII. 1927; off Asamushi; coll. S. Takatm'ki ; 
Spec. No. 1947. 

Station 67; 11. VIII. 1926; off Sumichigai; coll. S. Hozawa ; 
Spec. No. 1118. 

The specimens are rather small, from 11 to d 1 mm horizontal 
diameter, the species being known to grow to a much larger size, at 
least 75 mm horizontal diameter. 

2. Temnopleurus Hardwickii (Guay). 

(PI. XIX, FiK. 3). 

A. Agassiz. Revision of the Echini, p. 460, PI. VIII. a 1-d. 

Th. Mortensen. Echinoidea; Danish Expedition to Siam Mem. Ac. Sc Copen- 
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hagur. 7. Sor. I. 1901. p. 61, 65. PI. VI. 32, 31; VII. 21. 

H. L. Clark. Hawaiian and other Pacific Echini. Pedinidae.... Echmometridae; 
p. 312. 

Station 41 (11); HI. VII. 1926 ; coll. S. S. Soyo Maru, off Okunai. 
Spec. No. 1110. 


3. Temnotrema sculpta A. Agassiz. 

Til. Moiin sskN, Echinoidea. Danish Exp. to Siam; p. 81. PI. I 5-6, 8, 19; II. 

6. (under the name of Pleurcclunus naru'gatus). 

H. L. ( I. \UK Hawaiian and other Pacific Echini Pedinidae . Echinometridae; 
P 321. PI. 112. 1-2. 

Station 91; 24. VII. 1927; off Tairadate; coll. S. Takatsijki. 
Spec. No. 1783. 

(Together with a young Strongylocentrotus nudus (?)). 

1. Strongylocentrotus nudus (A. Agassiz). 

(PI. XIX, Fi«. 2; Text-fiK 1). 


A. A<;\SSIZ. Revision of the Echini, p. 418. 

L Dodfri.fjn Die polyporen Kchinoiden von Japan, /ool An7 XXX. 1906 p 
518. (undei the name of Strongyloc. hokkaidensis.). 

Yosiuwara. Japanese Echini, PI. XII. 1-2. 

II. L Cl\kk. Hawaiian and other Pacific Echini. Pedinidae . Echinometridae; 
p. 363. PI. 94. 17-23. 

Station 26; 29. VIII. 1927. Futagojima; coll. S. Takatsijki ; spec. 
No. 2313. 

Station 101; 17. VIII. 1927. Sai; coll. S. HGzowa ; spec. No. 2089. 

Station 91; 21. VII. 1927; off Tairadate; coll. S. Takatsijki. 
Spec. No. 1783. (One very young specimen, 6 mm horizontal diameter, 
together with Temnotrema sculpta ; identification not beyond doubt). 

Medium sized specimens of this species (which grows to a large 
size, up to ca. 85 mm horizontal diameter) have on account of their 
long dark coloured spines a very considerable general likeness with 
Anthocidaris crassispina (A. Ag.), the littoral Echinoid so very com¬ 
mon in the more southern parts of Japan, for instance at Misaki; 
cjuite >oung specimens again may also hear a great resemblance to 
Pseudocentrotus depressus (A. Ag.), likewise a very common littoral 
species in the southern parts of Japan, when their spines are brown, 
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as is the case in young specimens which 1 have seen. (Whether the 
young specimens have always the spines more light coloured I cannot 
tell; the little material available docs not allow any definite conclusions 
as to this). A careful s*udy of the oral side of the test will lead to 
distinguish the three forms, but this requires a good deal of special 
knowledge and is by no means an easy task. Fortunately it is possible 
to distinguish the three forms much more easily and with full certainty 
by means of the spicules of their tubefeet. In Strongylocenf roll's nudus 
(text-fig. 1) the spicules are arc-shaped, with the ends somewhat irre¬ 
gularly branched; in Pseudoc. depressus (text-fig. 2) they are arc-shaped 
with bifid ends and with a pair of spines on the outer side; in 
Anthocid. crassispina (text-fig. 3) they are “ biacerate ”, slightly curved 
rods with a spine in the middle. It may be added that in Glyptocid - 
arts cremilaris (text-fig. 4) the spicules are straight rods, usually with 
some holes in the middle. Further, in Strongyloc. pulcherrimus (text- 
fig. 5) they are C-shaped (“ bihamate ”), while in Shongtjlne . inter- 
medius (text-fig. 6) they art' in the main like those of Strongyloc. 
nudus. Thus all these polyporous Echinoids are distinguished \er> 



Text-figures 1-6. Spicules from tubefeet of Strongyloeentrntus nudus (A 
Agassiz) (1), Pseudacentrotus depressus (A. AcAvsrz ) (Z\ Anlhacidaris crassisptna 
(A. Agassiz) (3), Glyptocidarts crcnularis A. Agvssiz (1), Stmngylocentrotus 
pulcherrimus (A. Agassiz) (5), and Strongi/lncentmtus intermedins (A. Agassiz) (6). 
All X 125. 
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easily, and with full certainty, even when quite young, merely by 
examining the spicules of their tubefeet. Only Str. intermedius and 
nudus cannot be distinguished with certainty by their spicules, but 
the much shorter and more numerous spines of the former distinguish 
it very well from Str. nudus with its longer and less numerous spines. 

5. Strongylocentrotus intermedius (A. Aoassiz). 
fPl. XIX, Fig. 1; Text-fig. 6) 

A. Ac.assi/ Revision of the Echini, p. 1*15. 

L. Doohrlmn Die polvpoion Eehinoiden von Japan Zool. An/. XXX. p. 517. 

11. L. Clark. Hawaiian and other Pacific Echini. lVdinidae . Echinonietridae, 
p. 353. 

Station 14; 22. VI. 1927. Futagojima ; coll. S. Takatsuki; Spec. 
No. 1596. 

Station 103; 14. VIII. 1927. 6ma ; coll. S. HAzawa. Spec. No. 2065. 

Station 104; 18. VIII. 1927. Oma; coll. S. HAzawa ; Spec. No. 2079. 

Station 105; 18. VIII. 1927. Oma ; coll. S. IIozawa ; Spec. No. 2190. 

The specimens from the three latter stations are very young, only 
3-6mm horizontal diameter; the identification of them as Str. inter¬ 
medius however seems beyond doubt. 


6. Strongylocentrotus pulcherrimus (A. Agassiz). 

(Text-fig. 5) 

A. Ac.assi/. Revision of the Echini, p. 153. (under the name of Sphaereehinus 
pulcherrimus). 

Til Moritnskn. Echinoideu. 1. The Danish “Ingolf” Expedition. IV. 1 1903. 
p. 121. PI. XX. 10. 

Yoshiwara. Japanese Echini. PI. XIII. t-t (under the name of Sphacreehmus 
pulcherrimus). 

L. D6dkklein. Die polyporen Eehinoiden \on Japan, p. 516 

H. L. Clark. Hawaiian and other Pacific Echini Pedmidae Echinometndae, 
p. 353. 

Station 1; It. VIII. 1927. Yunoshima: coll. S. HAzawa. Spec. 
No. 1919. 

Station 16; 7. VII. 1916. ('oast of Tsuchiya; coll. S. HAzawa & 
S. Takatsuki. Spec. No. 1119. 

Station 101; 19. VIII. 1927. Sai; coll. S. HAzawa ; Spec. No. 2011. 
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7. Peronella rubra D&derlein. 

L. Doderi.kin. SccmkcI von Japan u. d. Liu*Kiu-lnseln. Arch, t Nuturgcst huhle. 
LI. 1885. p. 108. 

li. L. Clark. Hawaiian and other Pacific Echini. Clypeastridao. Mem Mus 
Comp. Zool. 46. 1914. p. 54. PI. 124. 18-20; 142. 5-7. 

Station 103; 17. VIII. 1927. Sai; coll. S. Hozawa. Spec. No. 
2064. 

The single specimen at hand is a young one, 18 mm long, with 
the genital openings not yet developed. The position of the periproet 
almost halfway between the mouth and the test margin, and the 
presence of spines on the periproct.il plates, however, show rather 
certainly that it must be the above named species. 

. 8. Echinarachnius mirabilis (A. Agassiz). 

A Agassi/. Revision of the Echini, p. 526. PI. XIII. a 5 6 

Yosiuwaka. Japanese 1 Echini, PI. XVI. 9 -10. 

H. L. Cl. ark Hawaiian and other Pacific Echini. CI>peastridac\ p 69, PI. 125 6 

Station 6; 5. VII. 1926. Asamushi; coll. S. Takatsuki. Spec. No. 
1130. a. 

Station 53 (II); 7. VIII. 1926. Coast of Aburakawa; coll. S. 
Hozawa. Spec. No. 1130. b. 

9. Echinarachnius griseus Mktsn. 

Tit. Mok'ii nskn. A new species of the ^onus Eehmaia< hmus from Japan. Annul 
Zool. Japonenses. XL 1927. p. J95. 1M I 

Station 23 (I); 1(5. VIII. 1926. Mourn; coll. S. Hozawa. Spec. No. 
1124. 

Station 109; 19. VIII. 1927. Fukuura; coll. S. Hozawa. Spec. 
No. 2220. 

In his Catalogue of the Recent Sea-lJrchins in the collection of 
the British Museum (1925) H. L. Clark states (p. 1(58) that the young 
specimens of Echinarachnius mirabilis “ are remarkable for their very 
delicate, usually white or very light-coloured tests, while adults an* 
fairly stout and are deep violet in coloui.” He has, however, found 
some young specimens as dark as the adult, but he supposes that this 
is due to these dark specimens being, in spite of their small si/e, 
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older than the more light coloured specimens; or the difference in 
colour “ may possibly he correlated with locality and habitat 

Although not having examined the small specimens mentioned by 
Clark I cannot help suggesting that the difference in colour between 
these young specimens is due, not to various age or habitat, but to 
their representing two different species, the dark ones Echinarachnius 
mirabilis , the light coloure d ones Ech. griseus. (The latter species 
had not yet been described when Clark wrote the work quoted). 
As for the young specimens from Mutsu Hay there is, at least, no 
doubt that the dark and light coloured specimens represent two distinct 
species, the dark ones Ech. mirabilis , the light coloured ones Ech. 
griseus . 

Hesides by their dark colour, which I find to be equally dark in 
the young and the adult specimens, the young Ech. mirabilis also 
differs from Ech. griseus in the usually more marginal position of the 
periproct; in Ech. griseus this is usually more distinctly supramarginal. 
In general Ech. miiabilis is a more robust form than Ech. griseus, 
as also the coat of spines is more dense* than in Ech. griseus ; in the 
microscopical structure of spines and pedicellanae there is no very 
tangible 1 difference between the two species. It would appear that in 
Ech. griseus the genital pores are generally formed somewhat earlier 
than in Ech. mirabilis. 1 have found them already at a size of 10 mm 
length in Ech. griseus , but not until a size* of 22 mm in Ech. mirabilis; 
but, on the other hand, they arc* not formed either in a specimen of 
M mm length of Ech. griseus. This accordingly is no reliable difference. 


10. Echinocardium cordatum (Pennant). 

A Aoassi/. Revision of the Echini, p. 319. PI. XX. 5-7. 

Til MoKiTNsbN. Krhmoidea. II. The Danish “ Ingolf ” Expedition. IV. 2. 1907. 

p. 115 PI. XVI. 21; XVII. 15, 21 23, 30, 31, 37-38, 43, 48-19. 

H L. Cl \uk. Hawaiian and other Pacific- Echini. Spatangidae. Mem. Mus. Comp. 
Xuol. 46 1917. p 262. 

Station K; 1. VI. 1926. Off Aomori; coll. S. Takatsuki. Spec. 
No. 1113. 

Station 17 (I); 17. VII. 1926. Namiuchi; coll. S. Hozawa. Spec. 
No. 1129. 
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Station 22 (I); 20. VII. 1920. Off Moura-Kojima; coll. S. Hozawa 
S pec. No. 1123. 

Station 26 (I); 2. VII. 1920. Off Futagojimn; coll. S. Takatsuki. 
Spec. No. 1122. 

Station 27 (I); 22. VII. 1920. Off Asamushi; coll. S. Hozawa. 
Spec. No. 1120. 

Station 30 (I); 21 VII. 1927. Off Itanosaki; coll. S. Hozawa. 
Spec. No. 1128. 

Station 00; 9. VIII. 1920. Off Kusodomari; coll. S. Hozawa. Spec. 
No. 1117. 

Station 08; 2. VIII. 1927. Off Jogasawa; coll. S. Hozawa. Spec. 
No. 1125. 

Station 09. (V); 11. VIII. 1920. Off Oniuata; coll. S. Hozawa. 
Spec. No. 1121. 

Station 107; 19. VIII. 1927. Fukuura; coll. S. Hozawa. Spec. 
No. 2208. 

Station 98; 25. VII. 1927. Nohoji; coll. S. Takatsuki. Spec. No. 
1826. 

Station 99; 25. VII. 1927. Off Asadokora; coll. S. Takatsuki. 
Spec. No. 1838. 


EXPLANATION OK THE PLATE 

Fig. 1. Glyptocidam crcnulans A Agassiz. 

Fig. 2. Strongylocentrotu s jiurhn (A. Agassiz) 

Fig. 3. Temnopleurus Hardwicku (Gr\*.) 

Fig. 4. Strongylocentrotu t intcnnrdius (A. Agassi/.) 

(All liguios natural size.) 
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The Fiber Tracts of the Cerebrum of Carassius 
auratus (L.). 


By 

Hideomi Ti ck. 

(Biological Institute, 'IVilioku Imperial UniwrsitY, Sendai ) 

(With Plates XX, XXI & lit Text-I^uies ) 

I. INTRODUCTION. 

Carassius auratus (L.) is one of the commonest Irosh water fish 
living in Japan and can tie obtained in large quantities at any 
season of year. On account of its hardiness under confinement as 
well as easiness in obtaining the small fry, this fish is becoming one 
of the favorite materials for various kinds of investigation. The well 
known “ Goldfish ” is believed to be a variety of Carassius miratus 
(l,.) produced by domestication for a long period, and furthermore 
Carassius itself shows considerable variation according to locality as 
well as to environment. 

Recently another natural variety of this fish called “Tetsugjo" 
or Ironfish was found at several far isolated districts in Japan, which 
shows apparently intermediate characters of goldfish on one side and 
those of Carassius auratus (L.) on the other. These three types of 
fishes which are assumed to be geneticaly closely related to one another 
suggest many problems of biological interest, and indeed this subject 
is duly drawing the interest of several workers at this Biological 
Institute. 

I undertook to study the brains of these three forms of fishes 
with a view to determine whether or not any differences characteristic 
to each may be found, and as the first step I have focussed my 
attention on the anatomy of the brain of Carassius auratus (L) which 
is usually believed to be the ancestral form of the other two forms 
mentioned above. 

In this paper, I have limited my observation to the principal fiber 
tracts of the cerebrum, including the praethalamus of ('. L Herrick, 
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reserving those belonging to the other divisions of the diencephalon 
to a future occasion. 

Sheldon’s work (’12) on carp was a very helpful guide. In the 
present thesis, I have not only adopted the nomenclature used by 
this author, but also his general plan of presentation. 


MATERIAL AN!) METHODS. 

1. Material . 

Specimens of Carassius auratus (L.) used in this study were collected 
exclusively in the province* of Miyagi. I employed those brains which 
showed the same form externally, because the brain of Carassius 
am at ns shows considerable external variation, especially when the 
brains of fish collected from different localities are compared. The 
fish used were about 2 to 3 years old, having the entire body length 
of about 8-10 cm. and a brain about 0,8-1,0 cm. long, excluding the 
olfactory tract. The reason for using the* smaller fish was that these 
can be conveniently handled for preserving, sectioning, etc. I may 
add that the fish used, though slightly smaller, were mature in every 
respect, and thus did not show any significant difference from the 
large* adult, which were examined as control, even in the finer structure 
of the brain, and this fact is confirmed by Holmgren (’20) in Osmerus 
eperlanus . 

2. Methods . 

The fish were killed and eviscerated for removing as much blood 
as possible, which was especially helpful for making the Weigert- 
celloidin preparations. 

According to the objects of examination, various different staining 
methods were naturally tried : 

a) Hkidenhain’s iron-hematoxylin method. 

This method gave a good result for tracing the nervus terminalis 
and some other non-medullated fibers. Fixation was made with \D°/o 
formol. 

b) Dklafield’s eosin-hematoxylin method. 

It was least satisfactory for the teleostean cerebrum, where the 
medullated fibers are least abundant, but gave very good results with 
the medulla oblongata and other portions where the fiber tracts were 
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well developed. Corrosive sublimate saturated in 5% acetic acid was 
used as the fixative. 

c) Staining in toto with borax-carmin. 

This method was found to be useful for a rough orientation of 
various structures, but it was not as satisfactory as the toluidin blue 
method, for instance, for studying nerve cells. Staining was preceded 
by fixation with 10 °o formalin. 

d) Toluidin blue method. 

The fresh brain was immediately fixed in H5°o or 9f>% alcohol 
for 3 5 days and imbedded in paraffine. The sections were stained 
with 0,1 solution of toluidin blue, and then, differentiated bv anilin- 
alcohol. The staining facies away before long and thus is not permanent. 

e) Pal-Weigert method. 

Both the eelloidin and paraffine imbedding methods were used. 
The former method was usually used for medullated nerve libeis, 
while the latter, which was recommended by Sheldon (’12, M 1), for 
some special purpose, gave a good result not onl> for the tracing ol 
the medullated nerve fibers, but also for the non-rnedullated fiber* as 
well. 

f) Cajai/s method. 

Sheldon has obtained good results especially in the cere‘brum ol 
the carp. 1 used two modifications, one of which uses alcohol and 
the other does not. (SriEf.MEYKR, ’24). The latter gave better results 
than the former. 

II. ANATOMY. 


1. Gross anatomy . 

The cerebral hemispheres of Carassius auratus (L.) show closer 
similarity to those of the carp. 

The olfactory bulbs are not directly in contact with the cerebral 
hemispheres such as seen for instance with Sal mo fario and Anguilla 
vulgaris (Lissner), but are connected by the somewhat longer olfactory 
tracts as in carp. (PI. XX, Fig. 1.) 

Each cerebral hemisphere exhibits an ovoidal shape, but the 
cerebral hemispheres together present a sub-quadrangular outline when 
seen from the dorsal side. 

The cerebral hemispheres, the olfactory tracts and the olfactory 
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bulbs are covered by a common membrane, the so-called pallium or 
tela. This thin membranous pallium, containing no nervous elements, 


-tr. olf. lat. 

-tr. olf. med. 

tub. ant. 
tub. lat. 

tub. dors, 
side. >psil. 
tub. post. 

tort. opt. 


Text-fig. 1. Dorsal aspert of the <erebium. The tela is romo\ed 
from the dorsal surface, showing cleail> the tubercula. 

forms the membranous roof of the cerebral hemispheres dorsally and 
laterally. Extending caudally to the optic lobes and enclosing the 
posterior portion, pallium makes a reflected membrane, termed the 
velum transversum, at the region where the cerebral hemispheres 
come in contact with the thalamus. Here, the reflected membrane 
is somewhat swollen and at the same time elongated rostrally, forming 
a membranous sac over the pallium proper, which sac is termed the 
saccus dorsalis (Text-figs. 26, 27, 2N, 29.) and originates from the 
slightly caudal portion of the velum transversum in the thalamus. 

After removal of the pallium, the paired lobes over which the 
various fissures run become clearly visible. These fissures, which 
divide the cerebral hemispheres superficially into many small divisions, 
are not so distinct as in carp. These* divisions just stated are not 
strictly correspondent to the divisions made by various investigators, 
who attempted to divide according to the arrangement of fibers and 
cells. 
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There is a fissure, called the sulcus ypsiliformis, which starts from 
the somewhat postero-lateral border of the central portion of the 
cerebral hemispheres, and is branched on the dorsal surface in a 
Y-shape. One branch of the Y-shape proceeds towards the anterior 
part (the anterior limb of Sheldon) and the other proceeds towards 
the median line (the posterior limb of Sheldon). Another fissure 
arises from the anterior portion of the median lino of the cerebral 
hemisphere and slreche.s backwards, then falls in with the anterior 


tub. dors. 



Text-fig. 2 . Lateral aspect of the cerebrum. The tela is lemoud 
as in text-fig. 1. 


limb of the sulcus ypsiliformis of Sheldon (’12). The fissure which 
arises from the median line, is correspondent to the frontal fissure of 
C. L. Herrick (’91). 

Moreover, at the more anterior portion, the ascending fissure of 
the anterior limb of the sulcus ypsiliformis bends laterally. The 
anterior portion surrounded by both this fissure and the frontal 
fissure of C\ L. Herrick is called the tuberculum anterior (Text-figs, 
1 . 2 .). 

The tuberculum dorsalis is surrounded by the frontal fissure and 
the antero-medial fissure (anterior limb) <>f the sulcus ypsiliformis. 
The tuberculum lateralis which occupies the lateral portion, is bordered 
by two branches of the sulcus ypsiliformis. The remaining tubercle 
other than those three tubercula just mentioned, is named the tuber- 
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culum posterior and is situated posterior to the sulcus ypsiliformis. 

Although these external fissures are not strictly in correspondence 
with the anatomical divisions of the cerebral hemispheres, yet these 
may be utilized with advantage, roughly to divide nuclei into groups. 
For instance, the tuberculum anterior contains a part of the corpus 
precommisuralc, the tuberculum dorsalis contains the nucleus olfactorius 
lateralis, the palaeostriatum and a part of the corpus precommissurale 
and the tuberculum lateralis contains the nucleus olfactorius lateralis. 

On the ventral surface, the fissura endorhinalis appears as a groove, 


tr. olf. med. 
tr. olf lat. 

i 

f 

tela ___ 

cndorh. -— 
suit*, ypsil. 
tub. post. 

(*hias 

lob. meet. h>p 
tect. opt. 
lob. inf. 

corp mamm 
(Goi.IJSl KIN ) 

mod. oblong. 


Text-fig. Ventral aspect of the cerebrum The hypophysis * is 
removed from tin* ventral surface. 

which runs from the rostral pole and proceeds down to the point 
where the optic nerve decussates at the diencephalon. The groove 
meets laterally with the sulcus ypsiliformis, forming an open V-shape. 
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(Text-fig. 3.) This is the deepest groove in the cerebral hemispheres, 
and is identical with the fovea limbica of Edinc.er and of Goldstein, 
the sinus rhinalis of C. L. Herrick and of Kappers, and is also 
assumed by these authors as homologous to the sinus rhinalis of 
higher vertebrates. 

On the ventral surface, surrounded by the fissura endorhinalis 
laterally and continuous to the praethalamus of C. L. Herrick, then' 
are two clearly defined lobes, the anterior ends of which meet with 
the olfactory tracts. These lobes are a part of the basal lobes includ¬ 
ing internally the corpus precommissurale of the secondary olfactory 
centers. 

There is another fissure, which I believe is homologous io the 
sulcus limitans telencephali of Sheldon (’12) in the carp, extending 
longitudinally over the modio-lateral walls of the' tubemilum anterior, 
tuberculum dorsalis, and tuberculum posterius. This fissure is very 
shallow, but constant in all individual fishes. This sulcus separates 
externally the corpus precommissurale and the nucleus olfactories 
dorsalis in the* basal lobe (Text-figs. 11, 16, 17, 19), and it may be 
homologous to the sulcus limitans hippocampi of Johnston (’ll). 

The ventricle of the cerebrum remains as a shallow space between 
the pallium and the basal lobes. This space communicates anteriorly 
with the space which exists in the olfactory bulbs and in the olfactory 
tracts, and posteriorly with the third ventricle. 

As (o the ventral dividing line between the cerebrum and dience¬ 
phalon of the tcleostean brain, it has not yet been definitely agreed 
upon by many investigators. In this paper, the dividing line just 
mentioned was placed on the caudal end of the cerebrum, which is 
dorsally bounded by the velum transversum and encloses ventrally the 
praethalamus of C. L. Herrick, where the optic nerves enter the 
dienccphalon. The praethalamus of C. L. Herrick in tcleostean brain 
contains the nucleus preopticus, which seems to me to be grouped 
into a tertiary olfactory center. Therefore, 1 have included the prae¬ 
thalamus of C. L. Herrick into the cerebrum, as Sheldon (T2) has 
done with the brain of carp. 

2. Histological observations. 

(A) Nuclei. 

The nuclei, as a whole, show a similar arrangement to those of 
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the carp studied by Sheldon (’12). Accordingly, I adopted the terms 
which were used by him in his elaborate studies just mentioned. 

(a) Palaeostriatum. (Sheldon, ’12). 

The term “ palaeostriatum ” is synonymous with the corpus striatum 
used by many other investigators (Kdingek, Goldstein, Kappeks, 
etc.). 

The palaeostriatum occupies tin* greater part in the central portion 
of the cerebral hemisphere, and takes a somewhat dorsal course 
gradually as it extends towards the caudal region (PI. XX, XXI, 
Figs. 2, II, I. and Text-figs. 13, 14, 16, etc.). It is surrounded mesially 
by the* corpus preeommissurale, dorsally by the nucleus olfactorius 
dorsalis, and laterally by tin* nucleus olfactorius lateralis. The cell 
bodies which are located in the central portion appear to be largest 
not only within this nucleus but even when compared with the cells 
found in other nuclei so far studied, and are sparsely distributed. 

The form of this area closely resembles that of carp, but the* 
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Text-fig. L 

Cells of the palaeostriatum 


arrangement of cells in the rostral portion shows much more conden¬ 
sation than in the carp. 

(b) Corpus preeommissurale. (Sheldon, ’12). 
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This nucleus occupies the area from the most rostral end of the 
cerebral hemisphere to the diencephalon, along both sides of the 
median cavity (ventriculus medialis), forming a well delineated column 
of cell groups. Laterally the nucleus is bounded by the palaeostriatum 
and lalero dorsally by the nucleus olfactorius doralis. 

In the cross section of the rostral part, the cell mass occupies 
the dorsal region of the tractus olfactorius medialis (PI. XX, Fig. 1.). 
The arrangement of the cells in this nucleus is very compact and 
the size of cells is very small. 

The relative position of this nucleus in Carassius aurntus entirely 
corresponds to that of carp described by Sheldon (M2), but is not 
entirely identical with the epistriatum or area olfactoria posterior 
medialis, which was described by Kappers (’06) in teleosts other than 
carp, for the latter includes a part of the region of the nucleus 
olfactorius dorsalis. This nucleus appears to be homologous to the 
pars medialis lobi olfactorii posterioris of Goldstein (’05), while the 
“ Vordere Nucleus ” called by Haller (’08) is a part of the corpus 
precommissurale. 

The corpus precommissurale may be divided into four parts (four 
nuclei), according to the position of cell groups. 

(i) The nucleus medianus (Sheldon, ’12). 

Among the four nuclei, the nucleus medianus occupies the most 
rostral end of the basal lobe in front of the anterior commissure. 
(PI. XX, Figs. 1, 2, and Text-fig. 5 (a).). 

(ii) The pars commissuralis (Sheldon, ’12). 

This pars commissuralis occupies the same position that the anterior 
commissure occupies, (PI. XX. XXI Figs. 4, 5, and Text-figs. 5 (»)• 
19, 20, etc.). 

(iii) The pars supracommissuralis (Sheldon, M2). 

The pars supracommissuralis extends dorsally to the sulcus limitans 
telencephali and caudally to the nucleus intermedius, which is described 
below. (PI. XX, XXI, Figs. 4, 5, and Text-figs. 5 (c), 19, 20, etc.). 

(iv) The nucleus intermedius (Sheldon, M2). 

It occupies the area from the pars supracommissuralis to the 
diencephalon (PI. XXI, Fig. 6 and Text-figs. 5 (d), 24, 25). 

(c) Nucleus olfactorius lateralis (Sheldon, M2). 

The nucleus olfactorius lateralis has been recognized already by 



490 


H. TUGE 


many authors and has been named variously: that is, the area olfactoria 
(Edingek, Hau.er, Kappers), the hippocampal lobe (C. L. Herrick), 



Text-fig. 5. 

(A) Culls of the nucleus medianus. (H) Cells of the pars commissuralis. 

(C) Cells of the sufr tcommissuralis. (D) Cells of. the nucleus intermedius. 


the hypostriatum (Catois), the area olfactoria lateralis (Kappers and 
Thkijnissen), the area olfactoria posterior lateralis (Kappers) and the 
pars olfactoria lateralis lobi olfactorii posterioris (Goldstein). 

This nucleus is the one which occupies the largest area in the 
basal lobe, bounded medially by a somewhat concave line connecting 
the fissura endorhinalis to the sulcus ypsiliformis, dorso-laterally by 
the palaeostriatum and latero-ventrally by the tractus olfactorius 
lateralis (PL XX, Figs. 2, 3). Thus, this nucleus almost entirely occupies 
the wide area from the rostral end of the basal lobe to the extreme 
caudal pole. 

' At the latero-ventral portion of the nucleus olfactorius laterialis 
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Text-fig. 6. 

Cells of the nucleus olfactorius lateralis 


proper, is found a less differentiated 
group of cells, which is called the 
nucleus pyriformis by Sheldon 
(’ 12). In Carassitis auratus , how* r % 

ever, I was unable to distinguish IF^ * ^ 

this special group of cells (the W. 

nucleus pyriformis) from the nucleus 

olfactorius lateralis proper, by the rp _ c 

lext-fig. 6. 

form and arrangement of the cells, _ „ . , , 

Cells of the nucleus oltnctorms lateralis 

though this nucleus is well illu¬ 
strated in carp by Sheldon (’12). 

(d) Nucleus olfactorius dorsalis or primordium hippocampi (Sheldon 

yy 

The nucleus olfactorius dorsalis lies 
latero-dorsal of the sulcus limitans telence- ,, t .^ 

phali and dorsal of the palaeostriatum xd (y ’*• 

(PI. XX, Figs. 2, 3, 4). JjJ 

This area is not very clear in Caras - 
sins auratus for distinguishing it from ^ 

the nucleus olfactorius lateralis, but it lext-fi#. 7. 

may be distinguished by the smaller size (V,,S of ,h< " nucleus <>lfnctorun 
of the cell bodies from the palaeostria- <Joru,l> * 


'*t'W f - : 


*us& (f 


Text-fig. 7. 

CVHs of the nucleus olfactorius 
doralis. 


(e) Nucleus teniae (Kappers, Kdinc.kr, Goldstein, Sheldon). 

This nucleus teniae is named the nucleus occipito-basalis by C. L. 
Herrick. At the level of the anterior com¬ 
missure, there appears the nucleus teniae, /'**•% 

consisting of cells, which form a rather 
compact arrangement in the same manner f-uj 
as in the carp (Sheldon, T2). The cell 1 
mass of this nucleus begins with a small 
mass of cells above the fissura endorhinalis 




and extends caudad occupying the same re- Text-fig. h. 

lative position with this fissure just mentioned CVJ ] S of the nur ] t ., JS teniae, 
and with the ventral portion of the nucleus 

olfactorius lateralis. It meets the nucleus intermedius in extreme 
caudad (PI. XX, XXI, Figs. 4, 5, and Text-fig. 22). 
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(f) Nucleus commissuralis lateralis (Sheldon. ’12). 

The nucleus commissuralis lateralis 

lies slightly medio-von trad of the fissura 
endorhinalis, occupying the ventral por¬ 
tion of each basal lobe (PI. XX, XXI, 
Figs. 1, 5). 

Sheldon (’12) states that “ No refe¬ 
rences to it in the literature have been 
noted; it has, therefore, been termed 
the nucleus commissuralis lateralis owing 
to its location, at the level of the anterior 
commissure.” 

In Carassius autatus this nucleus can 
be clearly seen in nearly the same position as was illustrated and 
described by Sheldon (’12). 

(g) Nucleus prcoptieus (C. L. Herrick, Johnston, Sheldon). 

The nucleus preopticus lies between the anterior commissure and 
the chiasma opticus, forming a part of the praethalamus of (\ L. 
Herrick, the portion identical to which was described with 4 das 
zentrale Hohlengrau ’ of Goldstein (’05). 

Surrounding the reccssus preopticus, it is in contact dorsally with 
the nucleus intermedius on either side (PI. XXI, Fig. 6 and Text-figs. 
22, 23 etc). 

We can divide this nucleus into two parts recording to the size 
of the cells. 

(i) Nucleus magnocellularis strati grisei (Goldstein, ’05). 

The nucleus magnocellularis strati grisei is identical with the nidulus 
preopticus (C. L. Herrick ’92) and the pars magnocellularis of the 
nucleus preopticus (Sheldon, T2). 

Closely packed, the cell mass of the nucleus magnocellularis is 
located adjacent to the recassus preopticus. These cells are larger 
than those of the nucleus parvoeellularis. 

(ii) Nucleus parvoeellularis strati grisei (Goldstein, ’05). 

This nucleus parovoccllularis strati grisei seems to be identical 
with the nucleus postopticus (C. L. Herrick) and pars parvoeellularis 
of the nucleus preopticus (Sheldon). 

The cells of the nucleus parvoeellularis are somewhat diffusely 


‘vjn 


\‘.T 



Text-fig. 9. 

Cells of the nucleus commissuralis 
I at ci ahs. 



FIBER TRACTS OF THE CEREBRUM OF Caramus aural ut (l.). -193 


arranged and contrasted with the crowded coll mass of the nucleus 
magnocellularis. The position of both these nuclei in the praethalamus 
is identical with that in carp (Sheldon), although in Carassius auratus 
the small cells of the nucleus parvocellularis strati grisei appear to 
be more or less mingled with the larger cells of the nucleus magno¬ 
cellularis strati grisei, thus presenting a slightly greater irregularity 
in the cell arrangement than Sheldon (’12, Fig. 71.) has shown in 
the carp. 

(.A) 



Text-fig. 10. Cells of the nucleus preop tic us. 

(A) Nucleus magnocellularis strati grisei. 

(B) Nucleus parvocellularis strati grisei. 


(h) Nucleus entopeduncularis (Goldstein, ’()f>). 

Goldstein made first observation on this nucleus in teleosts, and 
states that “ der (nucleus entopeduncularis in 
teleosts) vvohl mit dem von Kdinukk bei Repti- - * 

lien an gleicher Stelle l)eschriebenen Nucleus ...j * -J 

entopeduncularis identisch ist ^ 

Sheldon also noted this nucleus in carp as 
identical with that of Goldstein. In Carassius 
auratus this nucleus is found at the same rela¬ 
tive position described by these two writers. 

This nucleus is composed of rather smaller * ells, 
surrounding each of the basal forebrain bundles 
(fasciculus lateralis hemisphaerii) at the' level of fhe nucleus preopticus 
(PI. XXI, Fig. 6). 


•7 L 


Text-fig. 11. 
Cells of the nucleus 
entopeduncularis. 
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(B) Fiber tracts. 

(1) Tractus olfactorius lateralis (Sheldon, ’12). 

This tractus olfactorius lateralis is identical with the radix lateralis 
(C. L. Herrick), laterale Riechstrahlung (Edinger, Goldstein), tractus 
bulbo-corticalis (Edinger, Kappers), and faisceau externe (Catois). 

As is usually the case with some teleosts, the tractus olfactorius 
lateralis can be clearly separated from the tractus olfactorius medialis 
in Carassius auralus. 

The tractus olfactorius lateralis, which orginates largely from the 
mitral cells placed laterally in the olfactory bulbs, is found on the 
latero-ventral part of the base of the basal lobe (Text-figs. 12, 13), 
and consists entirely of fibers of centripetal nature (Sheldon T2). 


ti. olf. asc.4-tr. olf. mod, pars Lit. 


tr, oil. lat. 


Text-fig. 12. Transection through the mo&t ro^tial end of the cerebral 
hemispheres. The ner\us tciminalis appeals like a hole. WriciERTcelloidin 
method. X.*M>. 

This tract consists of three components of the fibers; that is, the 
pars lateralis, pars inteimedia, and pars medialis. As these advance 
caudally, it becomes difficult to distinguish these three parts from or.e 
another, and all ultimately enter the basal lobe (Text-fig. 13). 

From the figure given by Shkidon in the carp (Sheldon, T2. 
Fig. 21), three parts of the tractus olfactorius lateralis can be 
distinguished from one mother at the rostral portion of the basal 
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tr. olf. med M pars mod 


Text-fig. 13. Transection through the rostral portion of the coiobral hemi¬ 
spheres, at which the tractus ol far tori us enters the basal lobes The fibers from 
the palaeostriatum are shown in this section. WEiGFRT-celloidin method. *21. 


lobe, ijiueh more easily than in Carassius auratus. After entering 
the basal lobe, this tract can be clearly found above the (issura 
endorhinalis (Text-figs. 12, 13). A part of the tractus olfactorius 
lateralis terminates in the nucleus medianus of the corpus preeorn- 
missurale as is seen in horizontal sections, while the remainder enters 
into the nucleus olfactorius lateralis, where the connection is established 
with the neurons of the second order. 



Text-fig* 14. Transection through the poition slightk rostial U> the anterior 
commissure. WEic.KRT-oelloidin method. *21. 
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In the secondary olfactory area are included, as in carp, the nucleus 
pyriformis of the nucleus olfactorius lateralis as well as the nucleus 
teniae. 

The statement made by Sheldon (’12) that “ the fibers of all 

three portions of the tractus olfactorius lateralis.gradually 

spread out above the fissura endorhinalis, without decussating, in the 
lateral olfactory area of the basal lobes ”, requires in my mind further 
investigation of experimental nature, because the most medial portion 
(pars medialis?) of the tractus olfactorius lateralis (Text-figs. 14, 15, 
16, 17, 19) appears to me to decussate at the anterior commissure in 
Carassius auratus and this fact coincides with the case in some teleosts, 
including the carp, described by Goldstein (’05. Text-fig. 5). 



Text-fig. 15 Horizontal scheme of the fore-brain tracts. 

(A) Tractus olfattorius lateralis. (B) Tractus olfactorius medialis. 
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Quoting from Kaitkrs (’06) wo road that “ In an adult Thymus 
and some other Ixiphius , however, I again found the uncrossed tract 
so that we must assume that both occur and that probably the 
uncrossed course of the lateral fibers is the more general one, as it 
has been described by Bellonci, Edinger and C. E. Herrick. It 
would be interesting to find out the conditions which determined this 
different behavior.” Even if we assume with Kappkrs that this tract 
shows the decussation in some cases and non-decussation in others, it 
seems highly improbable that the carp and Carassius a unit us , both 
of which show closer general arrangement of the fiber tracts, totally 
differ in this tractus olfactorius lateralis, which shows non-decussation 
in carp and decussation in Carassius aimitus. 

(2) Tractus olfactorius medialis (Sheldon, ’12). 

This tractus olfactorius medialis is identical with the radix mesalis 
(C. L. Herrick), tractus bulbo-epistriaticus (Edinger), mediate Riech- 
strahlung (Edinger, Goldstein), faisceau interne (Catois). 

Many authors consider'd all of these tracts as consisting of centri¬ 
petal fibers, but Catois (’02) in Conger vulgaris and Sheldon (’12) 
in carp state that this tract contains both centrifugal and centripetal 
bundles. 

Catois describes “.sa partie interne renferme de nombreuses 

fibres a direction centrifuge,” but Sheldon observed this eentifugal 
bundle in the central portion of the tractus olfactorius medialis. This 
tract can be divided into the following gioups of fibers: — 

(a) Centrifugal fibers.Tractus olfactorius ascendens 

(Sheldon, T2). 

(b) Centripetal fibers.Tractus olfactorius medialis pars 

lateralis. (Sheldon, T2). 

(c) Centripetal fibers.Tractus olfactorius medialis pars 

medialis. (Sheldon, T2). 

(a) Tractus olfactorius ascendens (Sheldon, ’12). 

The tractus olfactorius ascendens, which is considered by Sheldon 
as composed of centrifugal fibers, constitutes anatomically a part of 
the so-called radix olfactoria medialis propria of Kaitkks (’06), which 
is considered by him as composed of centripetal fibers. Although in 
the carp the tractus olfactorius ascendens is distinguished from the 
tractus olfactorius medialis, even at the rostral end of the basal lobe, 
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such distinction is impossible in Carassius auratus , and both appear 
to be mingled in this region. (Text-fig. 12, 13). 

The tractus olfactorius ascendens accompanies the tractus olfactorius 
medial is up to about the portion slightly rostral to the anterior com¬ 
missure (Text-fig. 14), and then separates from the tractus olfactorius 
medialis proper. This tract originates from the nucleus medianus of 
the corpus precommissurale as in carp and is located nearer to the 
median cavity (Text-figs. 16, 17). This tract probably corresponds to 
‘ der in dcr Mitte liegenden Kaserbiindel ’ of Goldstein (*05), although 
he considered it as composed of centripetal fibers. 


tela s. lim. tel \ent. med. 



tr. olt. lat M tt. olf. med., par* med. 
pars med. (?) (com. intcrhulb) 


Text-fig. 16. Transection through the portion immediatel} caudal 
to the level of text-fig. It. WhiciKT-celloidin method. X2t 

(b) Tractus olfactorius medialis pars medialis (Sheldon, ’12). 

In Carassius auratus , the tractus olfactorius medialis pars medialis 
occupies a part of the tractus olfactorius medialis forming a distinct 
fiber bundle as in carp, as shown in Text-figs. 12 and 13. After 
reaching the basal lobe, it holds a medio-ventral position accompanying 
the tractus olfactorius medialis proper (Text-figs. 13, 14). This pars 
medialis, which runs dorsad after separating fiom the tractus olfactorius 
medialis, is situated just on the ventral side of the tractus olfactorius 
medialis pars lateralis. In a further caudal region, it enters the 
anterior commissure, occupying a moio ventral position than that of 
the tractus olfactorius medialis pars lateralis. 
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The majority of the fibers in this tract, which forms a part of the 
anterior commissure and is located more ventrally than rest of the 
commissural fibers, are seen to connect the two olfactory bulbs (Text- 
figs. 11 , 15, 16, 17, 18), as were shown also by both Goldstein and 
Sheldon in carp. This commissure is termed the commissura olfactoria 
interbulbaris (Goldstein, ’05). 

The rest <>l (he fibers of the traclus olfactorius medialis pars medialis 
seems to end, without decussating, in the nucleus medianus as well as 
in the pars commissuralis of the corpus precommissurale. 

corp. precom. 

\c»nt. lut. P ars ^pracoin. 




acosti. 

tr siiio-thul. 

tr. olf. lut. 

olf. lat., pais 
mrcJ. U). 
olf. lat. 

. nictl., pais lat 
mod 

(coin intcihull)) 

T<*\t*lig. 17. Tiansection thiou^h the poition in fiont of tht* anterior tom* 
missure This scition shows the tractus olfactoiius medialis pars medialis as 
made up of the fibers of the commissura olfactoria interbulbaris. WhK.tRT* 
(clloidin method. X 2 i. 

(c) Tractus olfactorius medialis pars latiTialis (Sheldon, T2). 

The traclus olfactorius medialis pars lateralis occupies the' lateral 
portion of the tractus olfactorius medialis, but it is very difficult (o 
distinguish, owing to less differentiation of staining reaction, from tht' 
tractus olfactorius ascendens at the rostral end of (he basal lobe 
(Text-figs. 12, 13). 

This tract becomes distinct at about (he portion rostral to the 
anterior commissure (Text-fig. 11), and occupies the dorsal portion of 
the tractus olfactorius medialis pars medialis, then, gradually takes a 
dorso-lateral course. The greater part of these fibers, which form a 
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part of the anterior commissure, end into the nucleus pyriformis of 
the opposite side, though a part of them seems to terminate in the 
nucleus teniae. The smaller number of the fibers in the tractus 
olfactorius medialis pars lateralis end into the pars supraeommissuralis 
of the corpus preeommissurale. My own observations, in Carassius 
aurafus , thus correspond essentially with the observations of Sheldon 
on carp, with the exception that in the former there were not found 
the fibers which end into the nucleus olfactorius dorsalis. 

The tractus olfactorius medialis pars lateralis agrees with the 
* Fasern aus dem lateralen Toil der medialen Riechstrahlung ’ of 
Goldstein (H)5). 



com. interbull). dee n. term. P a, *» com. 


Text-fig. 18. Transection thmugh the anterior portion of the anterior com¬ 
missure for showing the decussation of the non us terminalis. Hkidkniiain’s 
iron-hematoxylin method .* Xl24. 
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(3) Nervus terminalis (Locy, *05) or Pinkus’ nerve (Pinkus, ’91). 

The nervus terminalis is located along and imbedded in the middle 

portion of the tractus olfactorius medialis. In the WKiGEUT-celloidin 
preparations it remains an unstained clear area in the cross section, 
owing to non-medullation of the fibers, though the WKiGERT-paraffine 
preparations may barely show the fibrous character of this area (Text- 
figs. 12, 13, 14). 

The nervus terminalis, though its origin is not yet determined in 
this present study, is found to accompany the tractus olfactorius 
medialis pars medialis, and then separates from the latter, placing 
itself slightly ventrolateral to the median cavity. 

Although 1 could not trace the entire* course of this nerve, it 
probably passes in the most medial portion along the median cavity, 
as Sheldon noted in carp and Holmgren (’18) in Osmerus , because 
much of the course so far followed, corresponds with the descriptions 
of these two authors mentioned. 

The decussating point of the nervus terminalis lies on the more 
rostral end of the anterior commissure and slightly caudad of the 
commissura olfactoria interbulbaris of Goldstein (’05), or, in general, 
it lies about the middle between the commissura olfactoria interbulbaris 
and the decussation of the tractus strio-thalamicus cruciatus (vide (i), 
pp. 509 et seq.) 

(4) Commissura anterior. 

The two basal lobes in Carassius auratus are connected by the 
anterior commissure which consists of the following commisural and 
decussating fibers. The general arrangement of the fibers in the 
anterior commissure is practically the same in Carassius auratus as 
in the carp, which was fully described by Sheldon. 

(a) Commissura olfactoria interbulbaris (Goldstein, ’05). 

The commissura olfactoria interbulbaris is formed by the fibers of 
the tractus olfactorius medialis pars medialis, which lies medially in 
the tractus olfactorius medialis, in front of the decussation of the nervus 
terminalis. Although these commissural fibers are considered by other 
investigators to unite the two olfactory bulbs, in Carassius auratus 
not all fibers appear to decussate. 
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tela. 


s. lim. tel. 


vent. mod. 



f. endorh. 


palaeostr. 

eorp. precom., pars supracom. 
tr. strio-thal. 
com. dors. -f dec*, tr. hyp. 
oif. med. 

dec. tr. olf. mod., pars lat. 

-t-com. internurl. 
vent. lat. 

tr. olf. lat., pars med. (?). 
tr. olf. lat. 


eorp. precom., pars corn, 
dec. tr. strio-thal. cruc. 


Text-tig. 19. Transection through the middle portion of the anterior com¬ 
missure. Wr.ir.Kur-relloidin method. X24-. 


(b) Commissura dorsalis. 

This bundle of the commissura dorsalis is larger than the one 
just described and binds the nucleus olfactorius dorsalis of the two 
opposite lobes. At the uppermost layer of the anterior commissure, 



Text-hg. 20. Transection through the portion immediately caudal to the 
middle portion of the anterior commissure. In this section the bundle of the 
commissura olfaetoiia internuclearis is clearly shown. WEKJKirr-celloidin method. 
x2t. 


these commissural fibers mingle with the fibers of the tractus hypo- 
thalamo-olfactorius medialis. (Text-figs. 19, 20, 21). 
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(c) Commissura olfactorii internuclearis (Goldstein, ’05). 

The commissura olfactorii internuclearis is a thick bundle which 
occupies the greater fraction of the anterior commissure, exhibiting 
bow-shaped arrangement in the cross-section (Text-fig. 20). This 
commissure in Carassius auratus is identical with the hippocampal 
commissure of C. L. Herrick and the commissura olfactoria of Karrers. 
This commissure in Carassius auratus is undoubtedly identical with 
the commissura hippocampi pars posterior of Sheldon in carp in 
regard to its position, but ho describes this as entirely non-medullated 
fibers, while in Carassius auratus it is largely compost'd of medullated 
fibers as Goldstein (’05) noted in carp and as illustrated from Sal mo 
(’05, Fig. 16, Taf. XIII). 
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Text-fig. 22 , Transect ion through the caudal poition of the anterior com¬ 
missure. In this section the decussation of the 1 1 actus strio-thalumicus cruciatus 
is rather clearly marked. Whl(.i:urcelloidin method. X^k 


The fibers which are found almost in the middle portion of the 
anterior commissure in the horizontal section, are closely associated 
with the commissura olfactorii internuclearis. 

(f) Decussation of the tractus strio-thalamicus cruciatus. 

These decussating fibers consist of partly non-medulla ted and partly 
medullated fibers and form one of the largest bundles situated on the 
middle portion of the anterior commissure in the cross section. The 
bundle consists of those fibers which come from the mid-portion and 
from the more caudal portion of tin* palaoostriatum (Text-figs. 19, 
21, 22, 23). 

(g) Decussation of the tractus hypothalamo-olfactorius medialis. 

The libers are derived from the hypothalamus and enter the pars 
supracommissuralis of the corpus prccommissurale along the median 
cavity, passing through the anterior commissure, ventral to the libers 
of the commissura dorsalis. 

(5) Connecting libers with the diencephalon. 

(a) Fasciculus medialis liemisphaerii (Sheldon, ’12). 

In this fasciculus 1 can identify in Carassius auratus (L.) the two 
tracts; tractus hypothalamo-olfactorius medialis (Sheldon, ’12) and 
tractus olfacto thalamicus medialis (Sheldon, ’12), but the four other 
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cavity (Text-figs. 20, 22). At the level of this terminal, the fibers 
intermingle with the fine fibers coming from the origin of the tractus 
olfacto-thalamicus medialis, and immediately after intermingling, these 
fibers of the tractus hypothamo-olfactorius medialis decussate in the 
anterior commissure. 


\ent. med. 



Text-fitf* 24. Transection through the rostral level of the rocessus pie- 
opticus, a little caudal to the anterior commissure. The tractus mediano preopticus 
is faintly shown. WEKJKHT-celloidin method. x24. 


It is very difficult to draw a sharp line between this tract and 
the commissura dorsalis, for both tracts are intermingled intimately 
with each other. This tract extends caudally together with the tractus 
olfacto-thalamicus medialis (pars dorsalis and pars ventralis, Sheldon, 
T2) forming one bundle. Thus, these two tracts are called, as a 
whole, “ basal cerebral fasciculus ” by C. L. Herrick and “ fasciculus 
medialis hemisphaerii ” by Sheldon. At the level of the chiasma 
opticus, this fasciculus just stated forms the “ fornix tract ” of C. L. 
Herrick (Text-fig. 26). 

As it approaches the hypothalamus, the bundle of the tractus 
hypothalamo-olfactorius medialis becomes finer, and then separates 
from the tractus olfacto-thalamicus medialis. Differentiation of the 
tractus hypothalamo-olfactorius medialis from the tractus olfacto-thala¬ 
micus medialis is not_ easy in Carassius auratus (L.), as is the case 
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in carp, since these bundles are imbedded among the fibers belonging 
to various undetermined tracts. These fibers originate largely from 
the nucleus posterior tuberis at the neighborhood of the nucleus 
rotundus (Text-figs. 31, 32). 

It still remains unsettled whether this tract terminates in, as 
Kappers and Goldstein maintain, or arises from, as Sheldon reports, 
the nucleus posterior tuberis. 


tola. 



Toxt-fig. 25. Transection through the praethalamus of C. L. IIkkkk k. The 
lino fibers of the tractus olfacto-hypothalamicus lateralis are presented in this 
figure WKH.KRT-celloidin method. x24. 

(ii) Tractus olfacto-thalamicus medialis. 

These fibers originate largely from the pars commissuralis of the 
corpus precommissurale and appear ventrad of the decussation of the 
tractus olfactorius medialis pars lateralis (Text-fig. 20). 

Although at the beginning of its course the tractus is placed on 
the ventral side of the tractus hypothalamo-olfaetorius medialis, soon 
it accompanies the latter (Text-fig. 24). The tractus olfacto-thalamicus 
medialis runs along the median cavity, forming a part of the “ basal 
cerebral bundle” of C. L. Herrick, afterwards it enters the hypo¬ 
thalamus (a part of the ‘ fornix tract ’ of C. L. Herrick.) {vide p. 
506.) 

At the level where the commissura horizontalis (Fritsch) appears, 
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the tract becomes diffused, giving off its fibers into the nucleus rotundus, 
nucleus posterior tuberis and nucleus subrotundus (Text-fig. 31). The 
terminal of this tract is located a little more laterally than that of 
the traetus hypothalamo-olfactorius medial is. 

Sheldon (T2) states in his paper on carp that “ A short distance 
caudal to the anterior commissure, the medial forebrain bundle has 
increased largely in si/e (figs. 68, 69b due to the presence of a large 
number of short fibers, . . . Another factor in the increase in size 

of the median bundle consists in the addition to it of a few medullated 
fibers arising from the dorso lateral part of the' nucleus magnocellularis, 
forming the traetus preoptico-tuberis. 

In Carassius auratus (L.), however, at the level mentioned by 
Sijkldon, there is not any remarkable' difference in size, although the 
traetus preoptico-tuberis and traetus habenulo diencephalicus (Goldstein, 
’05) associate with the fasciculus medial is hemisphaerii, as was pointed 


tela 


sa( dors 



tr. h>p. olf. med. 

tr olf that, ined 


tr. preopt. informed., 
pais. mod. 

fasc. mod. hem. 


tr. hyp. olf. lat. 
tr. teniae. 

fasc. lat. hem. 


. preopt. intermed., 
pars lat. 


Text-hg. 26. Transection through the portion slightly caudal to the level 
shown in text-fig. 25. This section shows the traetus preoptico-intermodius pars 
mediahs and pars lateralis. WhiUKRT-celloidin method. x24. 

out by Sheldon. The reason why in Carassius auratus (L.), this 
increase in size does not appear, seems due to the giving off of some 
fibers, in the dorsal part of the diencephalon in its course. 
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(b) Fasciculus lateralis hemisphaerii (Sheldon, ’12). 

The fasciculus lateralis hemisphaerii was variously named by pre¬ 
vious workers, as for instance, basale Vorderhirnbundel by Edinger 
and by Goldstein, and faisceau basal by Catois, but strictly speaking, 
these are not entirely identical with the fasciculus lateralis hcmisphaeii. 
This fasciculus lateralis hemisphaerii consists of the two bundles: the 
tractus strio-thalamicus and tractus olfacto-hypothalamieus lateralis. 

(i) Tractus strio-thalamicus (Goldstein, Kappers, Johnston, Sheldon'. 

This great fiber bundle of the fasciculus lateralis hemisphaerii is 
derived from almost all parts of the palaeostriatum, consisting both 
of decussating and non-decussating fibers as in other teleosts. This 
tractus is composed of the two smaller tracts: tractus strio-thalamicus 
cruciatus and tractus strio-thalamicus incruciatus. So far as the posi¬ 
tion of both these tracts are concerned, it is the same as in the case 

»ac. dors. 

hah 

lob. opt. 
tr. olf. hah 
tr. hyp. olf. med. 

- pol. post. h<*m 
_tr. olf. thal. med. 

fasc. lat. hem. 

\ 

fib. tect. n. opt 
—-- - n . opt. 


Text-fitf. 27. Transection through the level of the habenula. The 
cerebral hemispheres are just coming to the end. WkigERT- celloidin 
method, hb. tect. n opt. — fibrae tectalcs nervi optici. '<21. 

of carp. In the anterior commissure, the tractus strio-thalamicus 
cruciatus is seen as a massive bundle occupying the caudo-dorsal 
position to the commissura olfactoria interbulbaris (Text-figs. 20, 22). 

As the median cavity grows deeper and deeper towards ventral, 
both the decussating and some of non-decussating fibers run caudad, 
forming a few longitudinal bundles, while some non-decussating fibers 
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are seen constantly to enter the bundles of the tractus strio-thalamicus 
which comes from the palaeostriatum. 

The bundles of the tractus strio-thalamicus lie slightly latero-ventrad 
to the bundles of the tractus hypothalamo-olfactorius mcdialis and 
tractus olfacto-thalamieus mcdialis, namely dorso-medial to the fissura 
endorhinalis (Text-fig. 24). In Carassius auratus (L.) usually, numerous 
non-medullated fibers are found among the meduliated fibers of the 
tractus strio-thalamicus, as Sheldon already noted in carp. 

Cajai/s preparations show clearly that the tractus strio-thalamicus 
eruciatus is situated dorsal to the tractus strio-thalamicus incruciatus, 


letturn. 



Text-fig. 28. Transection through the portion, where the optic 
lobes begin to appear. This section shows the commissura habenularum. 
WKK.hKT-celloidin method. x2i. 


but as it proceeds in the more ventro lateral direction, these tracts 
appear closely located to the optic nerve (Text-figs. 27, 28). As is 
shown in text-fig. 29, these bundles lie between the commmissura 
IIerricki and the optic nerve, beyond which the meduliated fibers of 
these bundles seem to diminish rapidly, thus, giving an obscure 
appearance to the tractus strio-thalamicus in the WEiGKRT-celloidin 
preparations. Further caudad (Text-fig. 30), the tractus strio-thalamicus 
is divided into two parts. According to Sheldon, in carp this tractus 
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mentioned above, separates itself distinctly into two tracts: the tractus 
strio-thalamicus cruciatus and tractus strio-thalamicus incruciatus, and 
the latter is accompanied by the tractus olfacto-hypothalamicus lateralis, 
but is not clear in Carassius auratus (L.). Both branches of the 
tractus strio-thalamicus mentioned above end into the various nuclei 
which are situated near the commissura horizontal is of Frttsch, in 
the ventral portion of the diencephalon composed of the nucleus 
rotundus, nucleus anterior tuberis, and nucleus lateralis tuberis, etc. 
Although the above statements on carp made by Sheldon essentially 
agree with mine on Carassius auratus (I,.), he further pointed out 
that some fibers of the dorsal part of the tractus strio-thalamicus 
terminate also in the nucleus posterior thalami, nucleus eerebellaris 
hypothalami, and nucleus diffusus lobi lateralis, which, however, were 
not observed by the present writer. 

(ii) Tractus olfacto-hypothalamicus lateralis et tractus hypothalamo- 
olfaetorius lateralis (Sheldon, ’12). 


sac. dors. 


tect 


u m 



Text-tig. 29. Transection through the lr\el of the corpus geniculatum 
laterale. This section shows the fasciculus lateralis hcmisphacrii, ap¬ 
proaching the optic nerve. WhiGERT-colloidin method, rorp. gen. lat.— 
corpus geniculatum lateral*'. x2 t. 


In Carassius auratus (L ) this tract is quite non-medullatod and 
the usual Weigert’s stain can not bring out this structure dearly, 
and thus Cajai.’s method was applied. 
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At the level where the fasciculus lateralis hemisphaerii in the 
praethalamus of C. L. Herrick is formed by the fibers derived from 
the palaeostriatum, the fibers of the tractus olfacto-hypothalamieus 
lateralis begin to appear above the tractus teniae and the tractus 
preoptico-intermedius pars lateralis, just as the fibers of the tractus 
strio-thalamicus incruciatus enter the fasciculus lateralis hemisphaerii 
(Text-fig. 26). 

The nucleus from which this tract originates, seems to be located 
in a more caudal part of the nucleus olfactorius lateralis. But I was 
unable to trace these fibers into the fasciculus lateralis hemisphaerii, 



Text*fig. 30. Transection through the level of the commissura posterior. 
The fibers of the tractus strio-thalamicus end around the commissura horizontally 
of Fritsch. WFiGKRT-celloidin method. com. post. = commissura posterior, 
com. trans.-commissura transvcrsa. lob. inf. —lobus inferior, nucl. rot. —nucleus 
rotundus. nucl. ant. tub. = nucleus anterior tuberis. nucl. vent, tub.—nucleus 
vcntralis tuberis. x36. 
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as has been done by many previous authors. 

At any rate, the tractus olfacto-hypothalamicus lateralis of Caras- 
sins auratus (L.) is not a very distinct one, as Kappers (’06) claims 
it in other fishes to be “ a compact large tract of unmedullated 
fibers ”, since the fibers which arise from the eaudo-vcntral portion 
of the nucleus olfactorius lateralis are not numerous and furthermore 
these immediately mingle with the fibers of the tractus teniae. 

(c) Tractus olfacto-habenularis or tractus teniae (Sheldon, ’12). 

The tractus teniae in Carassius auratus (L.) is evidently identical 

with the tractus olfacto-habenularis taeniae of Kdinger, Kappers etc., 
faisceau cortico-habenulaire of Catois, and taeniae thalami of Goldstein. 

Since I limited my observation to the region from the basal lobe 
to the ganglia habenularum, thus the connections from the habenular 
ganglia to the thalamus were not studied. 

This tract appears to arise from almost all parts of the nucleus 
teniae, exhibiting a continuous group of fibers of the tractus olfactorius 
lateralis when seen in the horizontal sections. This tract is removed 
gradually medio-dorsad throughout the upper part of the praethalamus 
of C. L. Herrick, and then, forms the commissura habenularis (Gold¬ 
stein) at the level of the portion where the optic lobes just appear 
(Text-fig. 28). 

(d) Tractus mediano-preopticus (Sheldon, ’12). 

At the slightly ventral portion of the anterior commissure, the fine 
fibers arise both from the nucleus and the ventral part of the pars 
commissuralis of the corpus precommissurale, as is shown in carp. 
These fibers consist of both medullated and non-medullated fibers and 
thus can be demonstrated advantageously by WEiGERT-parafline pre¬ 
parations. 

At first, these fibers run straight ventralwards and appear on both 
sides of the recessus preopticus, then descend more ventrally and enter 
the network formed by the processes arising from the nucleus preop¬ 
ticus (Text-fig. 24), but continue their course clearly to the base of 
the nucleus preopticus. 

(e) Tractus preoptico-intermedius (Sheldon, ’12). 

The positions of the parts of tractus preoptico-intermedius are 
indicated in text-fig. 26. The fibers are largely non-medullated and 
bind the nucleus prcopticus to the nucleus intermedius of the corpus 
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1 ext-fig. 31. Transection more (audal to the level shown in te\t-hg. 30. 
1 his section shows the origin of the tractus hypothalamo-olfactorius medialis and 
the terminal of the tractus olfacto-thalamieus medialis. WucERT-celloidin method, 
fasc. ret.--fasciculus retroflexus. tr. chi. tect. —tractus cerehellotectahs. tr. thal. 
mam.— tractus thalamomammillaris. nud. suhrot. —nucleus subrotundus. nucl. 
dif. lob. lat.--nucleus diffusus h>bi lateralis. 



Text-fig. 3if. Iran sect ion slightly caudal to the level shown in text-fig. 31. 
Both tracts of the tractus hypothalamo-olfactorius medialis and tractus olfacto- 
thalamicus medialis likewise appear, as shown in tcxt*fig. 31. WKiGERT-cclloidin 
method, nucl. post, tub. —nucleus posterior tuberis. res. lat. hyp. — recessus 
lateralis hypothalami. x36. 
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precommissurale. Accordingly, it was necessary to study these fiber 
tracts with the aid of Cajal’s method. 

In Carassius auratus (L.), this tractus preoptico-intermedius lakes 
two different courses, just as shown in carp by Sheldon : the one 
of which runs paralled to the recessus preopticus, or the tractus 
preoptico-intermedius pars medial is, and the other runs along the outer 
margin of the fasciculus lateralis hemisphaerii, or the tractus preoptico- 
intermedius par lateralis. 

(i) Tractus preoptico-intermedius pars medialis (Sheldon, ’12). 

The tractus preoptico-intermedius pars medialis descends from the 
nucleus preopticus to the nucleus intermedius parallel to the recessus 
preopticus and to the median cavity, and passes by the fasciculus 
medialis hemisphaerii (Text-fig. 26). It is said by Sheldon that this 
tract is composed of the double tracts of ascending (tractus preoptico- 
intermedius pars medialis) and of descending (tractus intermedio- 
preopticus pars medialis) fibers. 

(ii) Tractus preoptico-intermedius pars lateralis (Sheldon, M2). 

This fine fiber tract runs along the lateral side of the fasciculus 

lateralis hemisphaerii towards the nucleus intermedius, starting from 
the nucleus preopticus (Text-fig. 26). 

(f) Some fibers which enter the tractus olfacto-habenularis. 

(i) Fibers which enter the tractus olfacto-habenularis from the nucleus 
preopticus. 

Those fibers, which are non-medulla ted, combine with the tractus 
olfacto-habenularis at the latero-dorsal portion of the fasciculus medialis 
hemisphaerii. 

This group of fibers may probably belong to the tractus preoptico- 
habenularis pars anterior, tractus preoptieo-habenularis pars medialis, 
and tractus preoptieo-habenularis pars lateralis named by Sheldon 
(’12). Sheldon describes that the pars anterior originates from the 
nucleus parvocellularis strati grisei, and both the pars medialis and 
pars lateralis originate from the nucleus magnocellularis strati grisei. 
Also, Holmgren (’20) found the tractus preoptieo-habenularis pars 
lateralis at the same portion, which we have traced, and moreover, 
he states regarding this tract as follows: “ Bei Osmerus habe ich 

auch ein ahnliches Biindel gesehen, a her dieses hat eine ganz andere 
Redeutung. .Es handelt sich hier namlich um einem Opticusbiindel 
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(Tractus optico-habenularis ?), das durch eigentiimlichen Verlauf sehr 
leicht fiir ein Preopticusbiindel genommen werden kann. Das Bundel 
liegt in der Transversalebene der basalen Wurzel des Opticus an der 
basalen Wurzel voriiber zieht, trennt er einige Fasem ab, welche in 
das Telencephalon medium hineindringen. Diese erstrecken sich facher- 
formig divergierend sogar bis zum Lateralwand des Nucleus preopticus, 

hier biegen sie aber gerade um und ziehen denselben Weg zuriick.” 

If the fact is constant in teleosts that the nucleus preopticus is directly 
related with the optic bundle, it is worthy of investigation. 

(ii) Although I perceived many more fibers arising from the nucleus 
entopeduncularis, nucleus intermedius, etc., I was unable to trace their 
ultimate ending in the present study. 



Text-fig. 33. Horizontal scheme of the diencephalic connecting fibers. 

III. GENERAL REMARKS. 

The teleostean brains have been studied already by many neuro¬ 
logists, especially by L. Edingbr (’88, ’92), L. Stieda (’68, 73), C. 
L. Herrick (’91, ’92), B. Haller (’98), E. H. Catois (’02), K. 
Goldstein (’05), A. Kappers (’06, *07, ’12), J. B. Johnston (’ll), 
R. E. Sheldon (’08, ’09, ’12) and N. Holmgren (*18, ’20), using 
many different species of teleosts, such as Anguilla, Barbus, Cyprinus , 
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Gadus , Lophius , Pleuronectus , Salmo, Sirulus , Thynus , etc. 

As I have already stated, so far as the nuclei and fiber tracts of 
the cerebrum are concerned, Carassius auratus (L.) closely resembles 
the carp, and unless otherwise noted the statement made by Sheldon 
may be taken as also applicable to Carassius auratus (L.). In the 
following, I have enumerated some more or less noticeable differences 
found in Carassius auratus from the carp. 

(1) In Carassius auratus (L.), the fissures which run above the cerebral 
hemispheres are not so distinct as in carp. 

(2) The differentiation of the nucleus pyriformis and the nucleus 
olfactorius lateralis is more difficult in Carassius auratus (L.) than in 
carp. 

(3) At the rostral portion of the basal lobe, the tractus olfactorius 
lateralis is faintly differentiated as compared with carp. 

(4) The most medial part (pars medialis?) of the tractus olfactorius 
lateralis probably decussates m the anterior commissure, while Cold- 
stein notes the decussation and Sheldon the non-decussation in the 
carp. 

(5) At the rostral end of the basal lobe, there is no distinction 
between the tractus olfactorius ascendens and the tractus olfactorius 
medialis pars lateralis within the tractus olfactorius medialis, as is 
shown in carp. 

(6) The fibers of the tractus olfactorius medialis pars lateralis do not 
end in the nucleus olfactorius dorsalis. 

(7) Some fibers of the commissura olfactoria interbulbaris end into 
the nucleus medialis and pars commissuralis of the corpus precom- 
missurale without decussation. 

(8) Almost all of the fibers of the commissura olfactoria internudearis 
are composed of medullated fibers. 

(9) In regard to the fasciculus medialis hemisphaerii, only the two 
tracts, tractus hypothalamo-olfactorius medialis and tractus olfaeto- 
thalamicus medialis, are traced. 

(10) The fibers of the tractus olfacto-thalamicus medialis, slightly 
caudal to the anterior commissure, do not appear to increase in size. 

(11) The tractus olfacto-hypothalamicus lateralis is not so distinct as 
in carp. 

(12) The fibers of the tractus strio-thalamicus end in a smaller area 
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of the hypothalamus than in carp. 

(13) The fibers of the tractus teniae are distinctly more medullated 
than those of carp. 

The writer wishes here to express his deep graditude to Prof. S. 
Hatai for his helpful direction, and to Prof. S. Hozawa who did 
much to aid in the course of the work. 
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EXPLANATION OF FIGURES. 

Photomicrographs were taken from preparations made by the toluidin blue 
method, and show the arrangement of nuclei of the cerebrum. 

PLATE XX 

Fig. 1. Dorsul aspect of the brain of Carassius auratus (L.). (x2\ 

Fig. 2. Transection through the rostral portion of the cerebrum The level is 
the same as that of text-fig. 14. (x30). 

Fig. 3. Transection through the slightly rostral portion of the anterioi com¬ 
missure of the cerebrum. (x30). 

Fig 1. Transection through the anterior portion of the antenor tommissuie of 
the cerebrum. (x30). 


PLATE XXI 

Fig. 5. Transection through the posterior portion of the anterior commissure 
of the cerebrum. (x30). 

F*ig. 6. Transection at the level of the recessus preopt icus of the cerebrum 
( X 30). 

bu. hulbus ol factorius. 
tr. tractus olfactorius. 
cb. cerebrum. 
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zb. mesencephalon* 
cr. cerebellum, 
vg. lobus vagus, 
sp. medulla spinalis. 

a. nucleus olfactorius dorsalis (primordium hippocampi of Sheldon). 

b. palaeostriatum. 

cm. nucleus medianus of corpus precommissurak. 

d. nucleus olfactorius lateralis, 
vm. ventriculus medialis. 

tm. tractus olfactorius medialis. 

e. nucleus teniae. 

ср. pars supracommissuralis of corpus precommissurak. 

сс. pars commissuralis of corpus precommissurak. 

f. nucleus commissuralis lateralis, 
no. nervus opticus. 

ac. commissura anterior. 

ci. nucleus intermcdius of corpus precommissurak. 

g. nucleus entopeduncularis. 

fl. fasciculus lateralis hemisphaerii. 
hp. nucleus parvocellularis strati grisei. 
bm. nucleus magnocellularis strati grisei. 
rp. recessus preopticus. 








Sci. Rep., Tohoku Imp. Univ., Scr. IV, Vol. IV, PI. XXI. 



H. Tuck: Fiber tracts of the cerebrum of Carassius auratus (L.). 





Reactions to Centrifugal Force in the Holothurian, 
Caudina chilensis (J. MOller). 1 ) 

By 

Toshihiko Yamanouchi. 

(Zoological Laboratory, College of Science, KyAto Imperial University.) 

I. INTRODUCTION. 

The reactions of Fchinoderms to gravitational force are a long- 
established problem in animal Behaviorism since the observation of 
Romanes (1885) on the righting reaction of a starfish and the experi¬ 
ment of Loeb (1891) in the geotropism of Cucumaria . Yet the 
receptive mechanism for gravitational force remains unsolved in many 
animals up to the present day, except for the cases of animals which 
posses statocysts. Several factors affecting the righting reaction were 
found and interpreted in detail recently by Parker (1922), Wolf 
(1925) and by Frankel (1928); however, the true receptor in the 
righting reaction is yet obscure. 

As for geotropism, the problem remains unsolved. In three marine 
animals ( Arenicola , Branchiomma , Convoluta), v. Buddenbrock (1912, 
1913, 1924 p. 106) proved experimentally, by extirpation of it, that 
it is really a statocyst which initiates the geotropic response. But 
geostropism (or geotoxis) and righting reaction are known in animals 
possessing no statocysts. It is, moreover, a highly interesting fact 
that an isolated portion of the body can respond to gravitation as 
first observed in the righting reaction of starfish by Romanes (1885) 
and later confirmed by Wolf (1925), and in Ophioderma by Mangold 
(1909), secondly in the case of negative geotropism in Asterias and 
Panceri by Mangold (1909) and in the tail of Caudina by Yama¬ 
nouchi (1929, Table 8). 

Loeb (1891) first used the centrifugal machine for the study of 
the negative geotropism in Cucumaria . Recently, Frankel (1927 a, 

DA Contribution from the Marine Biological Station, Asamushi, Aomori-Ken. 
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b) proved the negative geotropism in Littorina and Solen by the use 
of a turn-table. 

In Caudina cMlensis , the positive geotropism of the anterior por¬ 
tion of the trunk (Yamanouchi 1926) and the negative geotropism 
of the tail (Yamanouchi 1929) were investigated in detail. In the 
present investigation these above mentioned tropisms are experimentally 
proved by the use of a turn-table, as adopted by Frankel in the 
study of Solen (FrankkL 1927 b). 

The investigations were carried on in the Laboratory of the Asamushi 
Marine Biological Station in September 1928. I desire to express my 
sincere thanks to Prof. IIatai for his kind guidance and encouragement 
and also to Assist. Prof. Kokubo and Assist. Tamura for their warm 
friendship during my stay at Asamushi. 


II. METHOD. 

The centrifugal machine used in this experiment is shown in Fig. 
1, with its dimensions. The rotating disk consists of a shallow circular 
metal vessel as an electro-phorus filled with a mixture of beeswax and 
paraffine. The lower flat end of the axis is laid on a steel ball for 
the purpose of minimizing friction and of making the pivot withstand 
heavy weight. (I thank my friend Mr. Tsuchiya for his kind advice 
in constructing this apparatus). 

The turn-table was driven by an a. c. motor of 1/12 H. P. using 
the lighting circuit. The rotating velocity was measured accurately 
either by eye or by a trochometer. 

The large glass jar was 28cms. in its inner diameter and 23 cms. 
in height. This was laid on the turn-table and was filled with a 
layer of fine sand 10 cms. deep, which was brought from the dwelling 
place of Caudina , and with sea water up to a depth of 3 cms. over 
the sand. 

In the sand of this jar, the animal was imbedded at a position 
10-12.5 cms. away from the center and a few cms. above the bottom, in 
such a manner that the longitudinal main axis of the body was placed 
parallel both to the bottom and to the glass wall of the jar (Fig. 1, 
2). The glass jar containing the animal was rotated, and the responses 
of the tail and the trunk were observed after the rotation. The 
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duration of rotation was 
in most cases 15 minutes, 
and in a few cases 20 
minutes. The isolated tail 
was also fixed with a pin 
to the wax of the turn 
table at various distances 
from the center, and was 
made to revolve. 

Caudina used in this 
experiment were all adult 
individuals in their ap¬ 
pearance. They were col¬ 
lected with great care in 
the day time and were 
preserved in the sand of 
an aquarium up to the 
time of the experiment, 
which was carried on dur¬ 
ing the night of the same 
day. 



I LuuLLL u i Lljlu uuluJ 

0 10 20 cm*. 

Fig. 1. The turn tal>lf\ on which a uluss 
jar is laid. 

a. Caudina , imbedded in the sand 
w. Mixture of beeswax and paraffine, 
h. Steel ball. 


III. REACTION. 

a) The intact animal . As a preliminary experiment, the animal 
was imbedded in the sand of glass jar in various positions, and the 
responses were observed after the rotation, and it finally proved to 
he most statisfactory for the animal to be imbedded in such a manner 
as is shown in a and a' of Fig. 2. As soon as the turn-table had 
come to rest after the rotation of from 15 to 20 minutes, the sand 
was carefully dug out and the position of the end of the tail and 
the form of the anterior portion of the trunk were confirmed. 

In general, the anterior part bends in an outward direction from 
the center of rotation and more or less downward (b, b' in Fig. 2). 
The amount of its reaction was much less than that of the tail. The 
tail usually responded in the same manner as the trunk, but in the 
opposite direction. After > the rotation, the tip end was found in a 
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more upper and more inner position than the initial situation (b, b' 
in Fig. 2). Sometimes, the tip end emerged on the surface of the 



Fig. 2. Responses of the animal to centrifugal force, a-a' and 
b-b' are respectively the situations of Caudma before and after the 
rotation, a and b are horizontal views, a' and b' are elevations, u 
is a glass wall of the jar. 

sand after the rotation. These facts indicate without doubt that the 
tail reacted negativegcotropically to hoth the gravitation and the 
centrifugal force. 

The results of experiments are shown in Table 1. The direction 
of the animal in the revolution seems to be of no consequence 
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Table 1. 

Reactions to centrifugal force. 

The anterior part of the trunk bends outward and the tail bends 
inward. The duration of rotation was 15 minutes. Kxperiment made 
in September 1928. 

t, temperature of the room in °C. 

No, number of specimen. 

d, distance of animal from the rotating axis in cms. 
n, number of rotations per minute. 



! 


1 

Distance responded, in cms. 

Direction of 

t. 

No. 

d. 

n. 

Anterior part 
of the trunk 
(outward) 

1 ip end of 
the tail 
(inwAtd) 

th<* revolution 
of animal 

22 

29 

11 

100 

— 

5 

anterior 


26 

12.6 

mo 

— 

«> 



27 

tl 

116 

outward 

2.6 

M 


40 

12 

120 

outward 

4 

ti 


41 

" 

117 

outward 

6 



42 

12.5 

112 

— 

no reaction 

i. 

21.6 

44 

10 

120 

- 

o 



46 

12.6 

116 

outward 

0 1 

•• 


47 

i> 

it 

— 

no reaction 

If 


48 

H 



no reaction 

II 


49 

•I 

tt 

- 

»> 

posterior 


60 

II 

,, 

— 

no reaction 

ii 


61 

” 

120 

— 

0-1 

ii 


62 

i 

1 

j ” 

ft 

outward 

no reaction 

.. 

' 

64 | 


125 

- 

no reaction 

99 


66 

11 

1 

tt 

outward 

1 

If 


6f> 

11.6 

,, 

outward 

0-1 

99 


67 

11 

tt 

outward 

no reaction 

ft 


68 

12.6 

„ 

no reaction 

no reaction 

99 


69 

it 

120 

no reaction 

1 

99 


60 

ii 

tt 

— 

1 

99 

22 

Cl 


81 


1.6 

99 


62 

#• 

tt 

— 

i 

ant. 


63 

it 

78 

outward 

| i 

post 


64 

,, 

• 1 

outward 

• ) 

ant. 


66 

10 

102 

— 

no reaction 

post. 


66 

tt 

it 

— 

1 

ant. 
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Distance responded, in cms. 

Direction of 

Date 

t. 

No. 

d. 

n. 

Anterior part 
of the trunk 
(outward > 

Tip end of 
the tail 
(inward) 

the revolution 
of animal 



67 

12.6 

100 

— 

1 

post. 



68 

.. 

9 9 

— 

no reaction 

ant. 



69 


m 

— 

8 

post. 



70 


99 

— 

6 

ant. 



71 

fl 

120 

outward 

no reaction 

post. 


■ 

72 j 

M 

99 

— 

1.5 

ant. 



7:j* 

11 

104 

— 

6 

post. 


■ 

74* 

10 

„ 

— 

3 

ant. 

10 

22 

76* 

12.6 

102 

outward 

1 

post. 



76* 

i, 

.. 

no reaction 

no reaction 



2:t 

94 

10 

107 

no reaction 

7.5 

ant. 



97 

•• 

113 

— 

3 

99 


*The duration of rotation was 20 minutes. 


(compare the last three colomns in Table 1). 

The anterior end of the trunk is the most receptive portion for 
mechanical stimuli, especially when the whole body of the animal is 

Table 2. 

Arranged from Table 1. 



Distance reacted, 
in cms- 

Number of 
cases 

Reaction 

Anterior part 
of the trunk 

0 

4 


no reaction cases 

outward 

12 


reactive cases 


0 

12 

no reaction cases 


0-1 

3 

slightly reactive cases 


1 

8 



Tip end of 

1.5 

2 



the tail 

2 

3 




2.5 

1 




X 

4 


[24 reactive cases 


4 

1 




5 

3 




6 

1 




7.6 

. 

1 







REACTIONS TO CENTRIFUGAL FORCE IN THE HOLOTHURIAN 527 


disturbed (Yamanouchi 1929 p. 82). So it often happened that the 
anterior part had retracted when I dug out the sand to ascertain the 
reaction of that part. Such doubtful cases were omitted in Table 1. 

Summerizing the result shown in Table 1, Table 2 was formed. 
From Table 2, it is clear that both ends of the body of Caudina 
responded to centrifugal force as well as it had reacted to gravitation 
(Yamanouchi 1926, 1929). 

b) The animal without nerve ring . The anterior-most portion of 
the body, which includes the nerve ring, was destroyed either by hot 
sea water (it was reported by me in 1929 that Caudina loses vitality 
at a temperature above 39°C.) or by amputation of that portion. It 
is needless to say that the anterior part thus treated showed no sign 

Table 3. 

Animals without nerve ring. 

A. About one centimeter of the anterior end of the body was immersed 
in hot sea water and was coagulated. 

B. The same portion was tightened firmly by a silk-thread and the 
anterior part was cut off. 

The duration of rotation was 15 minutes. Distance of the animal 
from the rotating axis was 11.5 ems. 



Date 

t. 

No. 

Number of rotations, 
per minute 

Reaction of the tail 


10 


78 

107 

2 ems inward 




70 

107 

2cms inward 




83 

107 

2,5ems inward 

A 



84 

107 

2 ems inwaid 




92 

107 

no reaction 




93 

107 

3.5 ems inward 




95 

113 

no reaction 

* 

10 

22 

80 

107 

4 ems inward 




81 

107 

7 ems inward 




80 

104 

1.5 ems inward 

B 



87 

104 

4 ems inward 




89 

106 

2.5 ems inward 


! 


90 

106 

6 ems inward 




96 

113 

3 ems inward 
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of response to centrifugal force. The tail of Caudina, whose nerve 
ring had been removed, was able to respond just as well as in the 
intact animal (Tabi.es 2, 4). 


Table 4. 

Arranged from Tablk 3. 


Distance reacted. 

Number of 

Reaction 

m cmb. 

coses 


0 

o 

no reaction cases 

1.5 

1 


o 

3 


2.r> ; 

1 


a 

a.5 

1 

1 

11? reactive cases 

4 

• » 

• t 


0 

1 


7 

1 



c) Experiments for control . During the rotation, the surface of 
sea water and the sand become conical in form. When the rotation 
ceases, the sand does not assume the initial appearance, bul the surface 
of it is higher to some extent along the margin than in the central 
part. In such a case, the movement of sand particles to the center 
of rotation is as follows: 

(1) When the turn-table is set in motion, they migrate outward, 

(2) they remain at a definite distance from the center, when the 
rotation becomes uniform (ordinarily after a few seconds), 

(3) and they migrate inward, when the rotation becomes slow and 
ceases. 

As the movement of the sand particles is not reversible, judging from 
the surface of the sand after the rotation, they are driven somewhat 
outward by the rotation of 15-20 minutes interval. 

So it is reasonably considered that the body of the animal makes, 
as a whole, an outward translation motion by the rotation. Next, the 
turn-table made perfectly smooth rotations when it was not loaded, 
but in the case when it was loaded with the heavy jar, it vibrated 
considerably because of the ununiform distribution of the weight along 
the rotating axis. It is also suspected that the trunk and the tail 
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would be differently affected directly by sand particles. The above stated 
conditions, however, seem in no way to interfere with the experimental 
results, for the following experiments for control prove it (Table 5). 

Table 5. 

Animals killed by hot sea water. 

In any case, there was no change of the form, nor of the position 
in the body of the dead animals. 


Date 

t. 

No. 

Number of rotations, 

Temperature m C at 
which the animal was 




per minute 

killed. 

0 

23 

30 

110 

00 



31 

140 

40 



34 

130 

73 



:h» 

115-130 

51 



38 

117 

00 



30 

130 

58 



43 

100 

70 

,8 

21 .r, 

40 

115 

57 

10 

22 

85 

107 

55 



88 

104 

5 8 

1 


01 

100 

52 


* The heat coagulation of the body wall of Caudimi is observed by 
Tao (1927) and Yamanouchi (1929). When the animal is immersed 
in hot sea water, the hardness of the body wall is dependent upon 
the temperature of water. At high temperatures (above 55-60 , ’(\) 
the body wall becomes hard and stiff due to the heat coagulation of 
the tegument (Tao, 1927 p. 272); at considerably low temperatures 
(between 40 and 55°C.) it is soft. Varying the temperature of sea 
water, we have different degrees of hardness of the body wall. 

Such a dead animal was imbedded in the sand as m the ordinary 
ease. The only difference was the position of the tail, the end of 
which was raised about 2 to 3 centimetres from the horizontal position 
of the trunk. There was exhibited no sign of transposition in any 
part of the body, nor any change of the body form by the rotation 
of 15 minutes interval. A gummi-tubing which had 3.5 mms. outer 
diameter was placed in the sand at the same position where Caudina 
had been imbedded, and was rotated just the same as in the ordinary 
experiments; after a rotation of 15 minutes, no remarkable transposition 
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of the above tubing was found. Such a result was, also, obtained 
in a case when the same was tried with a small pencil. 

It is, therefore, natural to consider that the reactions shown in 
Tables t, 2, 3 and 4 are true responses of Caudina to external 
forces and not the result of passively and mechanically driven motions. 

d) The isolated tail . The basal part of the isolated tail was 
fastened to a lead block and this was imbedded in the jar. After 
the rotation, the isolated tail remained in contraction and remarkable 
changes were not observed at all. 

The isolated tail was, also, fastened on the wax (w in Fig. 2) of 
the rotating disk by a pin. The turn-table was rotated in the air. 
Several experiments (using 13 isolated tails) were tried at various 
intervals (from 30 seconds to 5 minutes) and at various velocities 
(from 60 to 207 rotations per minute). Throughout the experiments 
the tails remained always in tonic contraction. The remaining part 
of the tail, except the pinned part, was either in most cases directed 
outward from the rotating axis, or in a fewer cases remained in severe 
contraction showing no outwardly directed bending. 

Non-reactivencss of the isolated tail in the rotating experiments 
seems to be due lo the severely shortened state of the muscles and 
to the other unnatural conditions (for instance, the pinning of the 
basal part). 


IV. REMARKS. 

Lokb (1891, p. 181) tried a rotating experiment with Cucumaria 
cueumis , but he could obtain no result, for the animal remained 
motionless during the rotation. Such was also true of Caudina , when 
it was rotated in sea water. In these cases there is no means to 
detect the reactions, for the centrifugal force disappears when the 
rotation ceases. In such animals as Littorina , Solen and Caudina , 
the responses remain without much alternation after the rotation. 

In this and Fkankel’s experiments (1927 b, p. 205), the magnitude 
of reactions were measured after the turn-table had stood still, so it 
must be remembered that the magnitude measured is to some extent 
relative to the state of sand particles. In Frankel’s data (1927 b, 
p. 208) and in this (Tables 1, 3) there is considerable number of 
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no reaction cases. The cause of this occurrence will, in part, be 
attributed to the change of the experimental conditions from the 
natural. Frankel well said that — die Giiltigkeit des Resultantgesetzes 
wenigstens qualitative erweisen ist (1927 b, p. 208). The same is true 
in this investigation. 


V. SUMMARY. 

1. When Caudina is imbedded in sand and is rotated, it responds 
to centrifugal force in such a manner that the anteriormost part of 
the trunk reacts in a positive geotropic sense and the tail in a negative 
geotropic sense (Tables 1, 2). 

2. Even when the anterior part of the body including the nerve 
ring is destroyed either by heat or by amputation of the part, the 
tail reacts to the centrifugal force just as the intact animal will 
(Tables 3, 1). 
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Fossile Koniferenholzer aus Sendai-Tertiar. I. 


Von 

Masahiko Takamatsu. 

(Biologischt'b Institut der Kaiserlichen IVihoku Univcrsitat, Sendai). 

Tertiare Braunkohlenlager sind in der Nahe von Sendai vveit ver- 
breitet, und die Anzahl der Orte, wo sich stark gepresste Fossilhblzer 
reichlich bilden, ist sehr gross. Sie dienen hauptsachlich zu Feuerungs- 
zvvecken, und nur wenige, wohlerhaltene werden zu Holzschnitzarbeiten 
verwandt. Die in der Braunkohle erhaltenen Hblzer scheinen mir 
vielen Arten anzugehoren. Aber die botanische IJntersuchung diesor 
Fossilblocke ist bisher noeh sehr diirftig. Nur iiber eine einzige Art, 
Sequoioxylon miyagiense, wurde vor kurzem von Fraulein Yasui 
bericbtet. 

In vorliegender Mitteilung sollen einige bostimmbare Fossilholz- 
Arten aus diesem Gebiet beschrieben werden. 

Die Untersuchung wurde unter Leitung von Herrn Prof. Dr. 
M. Tahaka ausgefiihrt. Ich spreohe ihm aueh hier meinen hcrzlichsten 
Dank fiir seine freundliche Fiihrung und Kritik aus. Ausserdem bin 
ich auch den Herren S. Kndo und K. Ohara zu grossem Dank 
verplliehtet, die bei der Bestimmung einiger Arten mir ihren wertvollen 
Rat erteilt haben. 

1. Taxodioxylon sequoianum (Mercki..) 

Schmai.h. erw. Goih. em. 

Die von mir untersuchten Braunkohienhiilzer wurden in der Nalie 
der Otamaya-Briicke gesammelt. Dk; Fossilien sind ausserst gut er* 
halten. Text-Fig. 1 gibt den Fundort wieder; die inmilten der sclinel- 
len Stromung slehenden zwei grossen Bliicke sind Uberreste stehender 
fossiler Koniferen-Stamme, und sie sollen hier behandelt werden. Es 
ist wahrscheinlich, dass sie seinerzcit dort gevvachsen sind. Diese 
schwarz-braunen Bliicke sind von der gbn ben Art und sind je l und 
1,3 m im Durchmesser. Das obere Ende der Stamme ist durch das 
stromende Wasser weggerissen worden. 
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Querschnitt. Spatholzzone schmal, nur 2-5 Zellreihen dick, jede 
Zclle sehr dickwandig, tangential sich erstreckend. Die Zellen in der 



Textfig. 1. Taxodioxylon setjuotanum Gom. im Fundorte. 


Fiiihholzzone weitlumig, radial-langlich oder ganz viereckig (Text-Fig. 
2). Ubergang vom Friihholz zum Spatholz in einem Jahresringe sehr 
plotzlich. Traumatische Harzgange haufig, stets sich ans Spatholz 
anschliessend. Die diese Harzgange umgebende innerste Zellschicht 
besteht aus Parenchymzellen mit augenfbrmigen Poren, und diese 
Zellschicht ist wieder von einer oder einigen Querwande besitzenden 
Tracheidenschichten umgeben (Taf. XXII, Fig. 1). Markstrahlcn gerad- 
linig. Markstrahlen-Abstand 3-7 Tracheiden. Horizontalwande der 
Markstrahlcn mit runden oder elliptischen Epiporen. Harzparenchym 
mit dunkel-braunen Substanzen, iiberall zerstreut, besonders im Spatholz 
reichlich. 

Radialschnitt. Im Spatholz Tracheiden mit wenigen kleinen runden 
Tiipfeln mit schief-spaltfomigen Poren, dagegen im Friihholz die 
Tiipfel in den Tracheiden zahlreich, grosser, rund oder elliptisch mit 
runden oder elliptischen Poren; die 1 upfel ein- oder zweireihig (Taf. 
XXII, Fig. 2) und selten, 3-4 reihig, ofters ein wenig alternierend. 
SANiosche Streifen deutlich. Die Enden der Tracheidenwande in 
Radialrichtung schwach gekriimmt. Querwande des Harzparenchyms 
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diinn und glatt. Hofliipfel auf den Seitonwanden der Markstrahlzellen 
epiporahnlich, srhmal behbft, im Friihholz horizontal, aber im Spatholz 
etwas schrag, also echt taxodioid (Taf. XXII, Fig. 3 u. 4), in den 
mittleren Zellen ein- und in den Randzellen zweireihig; die Zahl 
der Tiipfel im Kreuzungsfeld 1-4 (selten 5) in den mittleren Zellen, 
aber 4-7 (selten 8) in den Itandzellen; Tangentialwande diinn, glatt. 



TVxtlitf. 2. Taxodtoxylon sequoianurn Com. 
Quersehnitt dos Hol/es mit traumatise hen x 100. 


senkreeht, schief oder schwach gewolbt; Horizontal wande ziemlieh 
dirk, mit kleinen runden oder elliptisrhen Epiporen. (Text-Fig. 3, A). 

Tangentialschnitt . Markstrahlen meistens einreihig, selten in ihren 
mittleren Partieen zweireihig, in 2-20 Stockvverken (meistens 2-3, 
ausserst selten 42); Die Zellen, vveitlumig, rund oder elliptisrh, diinn- 
wandig. Tangentiale Hoftiipfel, in den Trarheiden im Friihholz verein- 
zelt, rund, ziemlieh gross (Text-Fig. 3, B), im Spatholz zahlreich, 
klein, rund mit winzigen gekreuzten oder schrag laufenden Poren, ein- 
und nur sehr selten zweireihig (Taf. XXII, Fig. 5). Ilar/parenrhym 
kurzzellig, Querwiinde glatt; tangentiale Tiipfel im Friihholz elliptisrh 
mit schrag-elliptischen Poren. Querwiinde besit/ende Traeheiden nicht 
selten sicli unmittelbar ans Spatholz anschliessend, mit runden oder 
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elliptischen Hoftiipfeln auf den Radial-, Tangential- und Horizontal- 
wiinden (Taf. XXII, Fig. 6). 



A B 

Textfig.Ji. Taxodioxylon sequotanum Com 
A) Radialschnitt ties Holzes v M). 

H) Tan^rntialschmtt dc*s Fiiihhol/os. 50. 



Dio obige Besohroibung stimmt mit der originalen von Taxodioxylon 
sequoianum (Mkkckl.) SciiMAUf. ervv. Goth. cm. sehr gut iiberein. 
Dio Zugehorigkeit inoines Materials zu dieser Spo/.ies kann also nicht 
bezvvoifelt werden. Das Vorkommon von Taxodioxylon sequoiannm 
in Japan vvurde zuerst 1926 von Ohara borichtot. Seine Besohroibung 
der Struktur dcs Holzes woioht aber in oinem einzigen Punkt vom 
dor originalen von Gothan ab. In Ohara’s Material kommt namlieh 
die cupressoid-taxodioide Markstrahlontiipfolung allgemein vor. Diese 
Abweichung diirfte aber darauf beruhen, dass sein Material von einem 
Zweig abstammto. 

1917 beschrieb Yasui ein Koniferenfossil von Japan, mit Namen 
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Sequoioxylon hondoense Yasui. Die Struktur dieses Fossils hat Ahn- 
lichkeit mit der des unsrigen. Aber durch die zweireihige Anordnung 
der Markstrahlentupfel und die Abwesenheit der Tiipfelung in den 
Horizontalwanden der Markstrahlenzellen unlerscheidet es sieh deutlieh 
vom unsrigen. 

Erst kiirzlich hat Yasui eino ausgedehnte Arbeit iiber die Struktur 
der japanisehen Fossilholzer publiziert. Dort finden vvir eine neue 
Species Sequoioxylon miyagiense Yasui. Ihre Beschreibung dies(‘s 
Koniferenfossils stimmt mil der unsrigen im grossen und gan/en gut 
iiberein. Betreffs der Tangential tiipfelung der Tracheiden schreibt sie 
aber Folgendes: „ In the spring wood they (bordered pits) are found 

in the radial wall only.” Also nach ihr scheinen bei ihrem Material 
die Tangentialtilpfel ganz auf das Spatholz beschrankt zu sein. Aber 
bei unserem Fossil kommen sie, wie oben erwahnt, aueh beim Friihholz 
nicht so selten vor. 

2. Taxodioxylon ishikuraense sp. nov. 

Dieses Fossilholz, ein aus der Ishikura-Grube stammendes, grosseres 
Bruchstiick, riihrt wahrscheinlich von einem riesigen Stamm her. Es 
zeigt dunkel-braune Oberflache und ist etvva 10 cm dick und 20 cm 
breit. Da die Erhaltung etwas schlecht ist, sincl die Jahresringe mit 
freiem Auge nur undeutlich ('rkennhar. 

Querschnitt . Unter dem Mikroskop Jaliresring deutlieh, Ubt*rgang 
aus Friihholz zu Spatholz allmahlich (Taf. XXIII, Fig. 1). Tracheiden 
ziemlich zerbrochen, im Friihholz griisser, diinnwandig, radiaManglich, 
oder ganz viereckig, dagegen im Spatholz dickwandig, tangential 
liinglich. Parenchymzellen zerstreut, besonderes im Spatholz zahlreich, 
sehr selten in Tangentialrichtung angeordncl. 

Traumatische Harzgiinge oft nur mitten im Friihholz vorkommend, 
stets tangential einreihig. Die diese Cange umgebenden Partieen des 
Friihholzes stets gut <*rhalten, zahlreich im Harzparenchym (IVxt-Fig. 
4). Dio MarkstrahU‘n-Abstande (*twa 3 15 Tracheiden, und die Langen 
der Markstrahlenzellen 3~7 Tracheiden. 

Radialschnitt. Inmitten des Friihhol/es senkrechte, traumatische 
Ilarzgange. Iloftiipfel auf den Tracheidemvanden gc*wohniIch 12 
reihig oder zerstreut, moistens rund, selten elliptisch, im Friihholz die 
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Poren schmal, schief, bfters gckreuzt, manehmal durch die aussersten 
Hander dor Tiipfel zerrissen (Taf. XXIII, Fig. 5), im Spatholz die 
Poren spaltformig, schief, bfters gekreuzt, stark zerrissen. Markstrahlen 
fast geradlinig ; die Horizontal wande ziemlich dick, mit etwas elliptischen 
Epiporen; Tangentialwande diinn, glatt, stehend, schrag oder etwas 
gekriimmt, nicht zerrissen; die Hof tiipfel auf den Seitenwanden ellip- 
tisch, horizontal oder schrag orientiert, mi Friihholz weit lensformig, 
die Poren horizontal, sehwach behoft (taxodioid) (Taf. XXIII, Fig. 6), 
im Spatholz die Poren schrag, spaltfiirmig, mit breiten Hbfen (cupres- 
soid); im Kreuzungsfeld moistens 2-4 (sehr selten 5), in den Randzellen 
die Tiipfel oft horizontal, zweireihig. 



Textfitf. t. Taxodioxylon ishikuracnsr sp. nov. 
Quoischnitt ties Hol/cs nut traumatischen Har/^ango. x70. 


TangentiaIschnitt. Tagentialhoftiipfel im Friihholz fehlend, aber 
im Spatholz zerstreut, klein, rund; Markstrahlenzellen, langlich-elliptisch, 
gewohnlich in 2-13 Stockvverken (Taf. XXIII, Fig. 2); Querwande 
der Parenchymzellen gewohnlich schwach, sehr selten stark verdickt, 
aber glatt, nicht getiipfelt. 

Naeh obiger Resehreibung ist der Hau unseres Fossils in vielen 
Punkten dem der lebenden Sequoia gigantea Tour, sehr ahnlich. Aber 
nach Penhallow ist der IJbergang aus dem Friihholz zum Spatholz 
bei S. gigantea gewohnlich sehr pliitzlich, und im Tangentialschnitt 
sind die Markstrahlenzellen weitlumig, rund oder elliptisch, und ferner 
sind die Markstrahlentiipfel ausschliesslich taxodioid. Solche Bildungen 
finden sieh bei unserem Fossil nie. 
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Die Tracheiden unsers Fossils haben keine spirale Verdickungen. 
Es hat also nichts zu thun mit der Struktur von Taxus . Aber die 
Gestaltung der Markstrahlen hat eine grosse Ahnlichkeit mit der dieser 
Gattung. 

Cupressinoxylon Wellington!aides Krausel, das aus Schlesiens Ter- 
tiar in Deutschland stammt, zeigt mit unserem Material sehr nahe 
Verwandtschaft. Nach Krausel hat diese Art sehr nahe Beziehungen 
zu Sequoia gigantea ToRR. Aber nach dor Besehreibung von C. 
ivellingtonioides sind die MarkstrahlentiipFel nur echt cupressoid und 
auf dem Kreuzungsfeld in der Regel nur ein oder zwei, sehr selten 
drei. Dieser Aufbau zeigt deutliche Untersehiede zu unserem Material. 

Diagnose . Traurnatisehe Harzgange nur inmitten Friihholz vorkom- 
mend, SANlosche Streifen undeutlich, die Tiipfelporen auf den radialen 
Tracheidenwanden gekreuzt oder schrag, Ubergang aus Friihholz zu 
Spatholz ziemlich allmahlich, Markstrahlenbreite sehr schmal, die Zellen 
tangential-elliptisch, Tiipfelung auf den Seitenwanden der Markstrahlen 
im Spatholz cupressoid und im Friihholz taxodioid, Querwande des 
Harzparenchyms meistens glatt, selten schwach verdickt. 

3. Cupressinoxylon Thujopsoides sp. nov. 

Diese aus der Saiki-Grube gewonnene Fossilholz ist zum grossen 
Teil gut erhalten. Das Bruchstiick ist 12 cm im Durchmesser und 
zeigt eine schwarz-braune Oberflache. Die Jahresringe sind mit freiem 
Auge nur undeutlich sichtbar und ziemlich breit, was auf den Stamm 
schliessen lasst. 

Querschnitt . Jahresringe deutlich, einige Friihhdlzer schwach ge- 
driickt, Ubergang vom Friihholz zum Spatholz sehr allmahlich (Taf. 
XXIV, Fig. 1). Tracheiden etwas gebrochen; im Friihholz ziemlich 
diinnwandig und gross, viereckig; im Spatholz haufig rund oder etwas 
tangential-langlich, sehr dickwandig. Harzparenchym nicht zahlreich, 
zerstreut, aber im Spatholz stellenweise in Tangentialreihe unregel- 
massig angeordnet. Markstrahlen-Abstande 4-15 Tracheiden. Mark- 
strahlenzellen 2-5 Tracheiden lang. meistens harzhaltig. 

Radialschnitt. Hoftiipfel der Tracheiden einreihig, meistens rund, 
in der Breite zwei Drittel der Tracheiden, im Friihholz die Poren 
lensfbrmig, horizontal oder selten schief, im Spatholz Hoftiipfel klein, 
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rund, mit fast stehenden, spaltformigen Poren (Taf. XXIV, Fig. 5). 
SANFOsohe Streifon undeutlich. Markstrahlen fast geradlinig; Tangen- 
tialwande senkrecht oder etwas schriig, diinn and glatt, nicht getupfelt; 
Horizontalwande sehr dick, mit wonigen Epiporen; Hoftiipfel auf den 
Seitenwanden, rundlich-elliptisch, die Poren spaltfbrmig, im Spatholz 
schrag und im Friihholz mehr horizontal, in den mittleren Zellen 
horizontal, einreihig und in Randzellen haufig zweireihig, im Kreuzungs- 
feld 1-3 (meistens 2) in den mittleren Zellen, 2-4 in den Randzellen 
(Taf. XXIV, Fig. 4). 

Tangentialschnitt. Die Querwande des Harzparenchyms gewbhnlich 
diinn, glatt oder selten schwach verdiekt. Markstrahlen einreihig, in 
1-9 (gewbhnlich 2-6) Stockwerken (Taf. XXIV, Fig. 2), alle Zellen 
meistens rund oder ein wenig viereckig. Die Tangentialtiipfel auf den 
Tracheidenwanden des Spatholzes rund, ziemlich gross, Poren schrag 
oder horizontal, lensfbrmig (Taf. XXIV, Fig. 3). 

Wie oben erwahnt, sind die Markstrahlen dieses Holzes eeht 
cupressoid. Also ist das Material sicher eine Art Cupressinoxylon. 
Bei den lebenden Koniferen sind die cupressoide Markstrahlen besitz- 
enden Hdlzer ziemlich zahlreich. Aber unler ihnen zeigt Thujopsis 
dolabrnla in vielen Punkten engste Beziehungen zu unserem Fossil. 
Indessen besitzt Th. dolabrata 1-5 Hoftiipfel im Kreuzungsfeld (Kank- 
Hi ha, Fujioka) und die Poren der Hoftiipfel auf den radialen Wanden 
der Tracheiden sind meistens schrag und elliptisch. 

In Krauskls Monographic fossiler Koniferenholzer findet man 
koine der lebenden Thujopsis dolabrata entspreehendo Art. Aber 
Cupressinoxylon cupressoides Krauskl und C. Gothani Khauskl zeigen 
mit unserem Fossil ziemlich nahe Vcrwandtschaft. Sic unterscheiden 
sich von dem unsrigen in folgenden Punkten. 

Bei C. cupressoides Khauskl sind die Hoftiipfel auf dem Kreuzungs¬ 
feld 1-2. Harzparcnchymzellen reihen sich in Tangentialbandern und 
die Hoftiipfel in den radialen Tracheiden sind sehr klein, etwa 1/3- 
1/4 der Tracheidcnbreite. 

Bei C. Gothani sind die Querwande des Harzparenchyms dick und 
glatt. Die Markstrahlentiipfel sind klein, meistens 1-2 im Kreuzungs¬ 
feld. Tiipfel auf den Tangentialwanden der Tracheiden fehlen oder 
sind hbchstens sehr sparlich zerstreut. 

Einige japanische Arten von Cupressinoxylon wurden schon von 
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verschiedenen Forschem mitgeteilt, namlich Cupressoxylon konzojiense 
sp. prov. Yasui, C. nagakudetnse sp. prov. Yasui, Cupressinoxylon 
Podocarpoides Reis, C. sp. Ohara. Unter diescn Fossilicn zeigt 
Cupressoxylon nagakudeense ziemlich nahe Verwandtschaft. Aber bei 
dieser Art sind die SANioschen Balken deutlich gestreift, und die 
IloftUpfel auf den Markstrahlenseitenwanden sind gewohnliYh in zwei 
Reihen angeordnet. Ferner entwickelt sich kein Tiipfel auf den Mark- 
strahlenquerwanden. 

Diagnose . Ubergang aus Friihholz zum Spatholz schr allmahlich, 
radiale Hoftiipfel im Friihholz zwei Drittel dor Tracheidenbreite, die 
Poren meistens horizontal lensformig, SANiosche Streifen undeutlieh, 
Hoftiipfel auf den Markstral-Seitenwanden echt cupprcssoid, im Kreu- 
zungsfeld 1-3, Querwande des Harzparenehyms gewohnlich diinn und 
glatt, Tangentialtiipfel des Spatholzes ziemlich gross, die Poren horizon¬ 
tal, lensformig. 

FIGURKNERKKARUNG ZU TAFKL XXII-XXIV 

Tah-i. XXII. Taxodmxylon sequoianum , 'Mercki..) 

Schmai.h. erw. Goth. em. 

Fig. 1. Quersehnitt dor traumatischen HarzgSngo, x 350. 

Fig. 2. Radialschniit des Friihholzes, Tiipfelung an den Trarheidenenden, X 350. 

Fig. 3 Radialschnitt des Markstrahls mit taxodioidcn Poren, x350. 

Fig. 4. Radialschnitt des Markstrahls, etwas vergrdssert, xGOO. 

Fig. 5. Tangentialschnitt des Spatholzes mit zahlreichen Hoftiipfeln, x50. 

Fig. f>. Tangentialschnitt der Querwand besitzenden Tracheiden, x 100, 

Takki XXIII Tnxodioxylon ishikuracnsr, sp. nov. 

Fig 1. Quersehnitt des Holzes mit den Har/.parench>rnzellen, x70. 

Fig. 2. Tangentialschnitt des Spatholzes mit schmalen Markstrahlen, > 70. 

Fig 3. Tangentialschnitt der traumatischen Ilar/gange mit den Tlipfeln auf den 
tangentialen, radialen, und horizontalen VVanden, ''200 

Fig. 4. Tangentialsehnilt der unregelmassig verlaufenden, traumatischen Harz- 
g&ngo, x 70. 

Fig. 5. Radialschnitt des Frlihholzcs mit etwas /errissenen IloftlipfelVi, X350. 

Fig. 6. Radialschnitt des Markstrahls mit taxodioiden Tlipfeln, x500. 

Tafkl XXIV. Cupressinoxylon Thujopsoides sp. nov. 

Fig. 1. Quersehnitt des dickwandigen Holzes, x70. 

Fig. 2. Tangetialschnitt des Spatholzes, x?o 

Fig. 3. Tangetialschnitt des Spiithol/es mit Hoftiipfeln, etwas vergrdssert, x 350. 

Fig. 4. Radialschnitt des Markstrahls mit cupressoiden Hoftiipfeln, x200. 

Fig. 5. Radialschnitt der Tracheiden mit fast horizontal elliptischen Poren, x350. 
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Cytological Studies on Iris. u 


By 

Natsu Kazao. 

(Biological Institute, T6hoku Imp. University, Sendai) 

In the genus Iris we have many species and varieties and some 
of them are now commonly cultivated as ornamental plants. But 
cytological studies on this genus are up to this time rather scanty. 
Meiotic divisions in pollen mother colls were studied by Strasburger 
(1900) in /. germanica , I. Pseud-Acorns, and /. squalens and by 
Miyake (1905) in /. florentina, I. pallida , /. spuria and I. Pseud- 
Acorus. By these investigations, it was shown that the haploid 
chromosome number in the above mentioned species is twelve. Taking 
the suggestion of Prof. Tahara, the writer has for two years under¬ 
taken cytological researches on the Japanese species of this genus. 

The material was obtained mainly from the plants growing in the 
garden of our Institute. The fixation of the pollen mother-cell was 
made in Flemming’s strong and weak solution, Carnoy’s and Bouin’s ; 
among them the last mentioned solution gave the best results. In 
the cast 1 of <he* root tip the material treated with Flemming’s strong 
solution was most satisfactory. Sections were cut 10-15// in thickness 
and stained with Hkidenhain’s iron alum haematoxyhn. Up to the 
present, six species have been investigated. They are as follows. 


Names of plant 


Haploid number of Diploid nurnbci of 
chromosomes chromosomes 


Ins Kaempfert , Sikh. 
var. hortensis, Makino 

/. Kaempfert , Sim. 

var. spontanea, Makino 

l. sibirna , L 

var. onentahs , Makino 


12 

24 

12 

24 

14 

2-s 


DA preliminary note of this investigation was already reported in Japanese last 
year, in Bot. Mag. Tokyo, Vol. 42, with a brief English resume. 
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I. laevigata , Fish, et Mky 

Hi 

32 

/. florentina , L.0 

-- 

48 

/. gracilipes , A. Gray 

is 

3B 

/. japonica , Thumb. 

— 

54 


As is shown in the above table, there are four kinds of haploid 
chromosome numbers in Iris namely 12, 11, 16 and 18. It is peculiar 
that these numbers make a regular arithmetical progression with the 
common difference 2. In the table haploid chromosome numbers of 
/. florentina and /. japonica are not given, because these two species 
do not perform regular meiotic divisions in their pollen mother-cells. 

The heterotypic nuclear plates in the pollen mother-cells of I. 
Kaempferi , I. sibirica , /. laevigata , and I. gracilipes are shown in 
Text-fig. 1, a-d. In these plants the meiotic divisions in pollen mother- 



Tcxt-fitf. 1. Chromosomes of Ins. ( x 1900; 

a-d. Heterotypic nuclear division in pollen mother cells, e-h. Somatic nuclaer 
division, a, e. /. kaempferi var. spontanea (2n-24). b, f. /. sibirica var. 
oriental is (2ric-28). c. g. /. laevigata (2 n=H2j. d, h. /. gracilipes (2 n - 30). 

cells proceed quite regularly, forming perfect-gemini as is usual in 
normal diploid plants. There are fairly significant differences in size 

^Determined by Dr. T. Makino. 
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and shape among the gemini arranged in nuclear plate. The somatic 
nuclear plates of these four plants are also shown in TextTig. 1, e-h. 

As already mentioned, the meiotic divisions in the pollen mother 
cells of /. florenlina and /. japonira are quite irregular. In prophase 
of the heterotypic divisions of these plants we can see distinctly a 
number of so-called trivalent chromosomes, connecting three homologous 
elements in different ways. The various shapes of these trivalent 
chromosomes are seen in Text-fig. 2 and 3: some being chains, others 
V- or Y-shaped, and still others like a ring with an attached rod. 
It should be noticed, however, that some chromosomes of these plants 
are connected together not in trivalent, but in bivalent chromosomes, 
thus leaving some* in a univalent condition. 



Text-fig. 2. Ins fiorentimi (3n — 18). ( * 1900) 
a. Late diakinesis, showing about 10 trivalent chromosomes. 1). Side mow of 
heterotypic’ metaphase in the pollen mother-cells, c. Polar \ie\\ of the same, 
d. Somatic nucleai plate. 

In anaphase of the heterotypic division, the three elements of these 
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trivalents art 4 distributed unequally between the opposite two poles, 
consequently the' pollen grains which an* formed afler the second 
division are irregular in si/e. Text-fig. T e shows the heterotypic 



Text-fig. a. Iris japotma (.‘{11-51). ( x 1900) 
a. Polai view of the heteiotvpic rnetaphase of the pollen mothei -evils. b. Side 
uew of the same. i. Side \iew of the heteioUpu anaphase, d. The homoL\pir 
anaphase, e The diakinesis of megaspoie mother cells. f. Somatic nuclear 
plate. 
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anaphase in pollen mother-cells of I. japonica, where can be seen 
about eight lagging chromosomes, d of the same figure shows the 
homotypic anaphase of the same. 

The occurrence of trivalent chromosomes in heterotypic divisions 
has hitherto been reported in several autotriploid plants, namely in 
Canna (Belling, 1921), Datura (Belling and Blakslee, 1922), 
Tomato (Leslley, 1925), Primula (Iinuma, 1926, Ono, 1927), Prunus 
(Okabe, 1927. 1928. Darlington, 1928), etc. So it can be concluded 
that our two plants have also triploid chromosomes in their somatic 
cells. Somatic numbers of chromosomes of these two plants were 
determined in root-tips. It is 48 in I. florentina and 51 in /. japonica. 
The former plant is not native to our country but is commonly 
cultivated in our gardens. The latter species grows wild, however, 
throughout Japan. At present we can say nothing about the origin 
of this interesting plant. But I. gracilipes, also a native species in 
our land, has a certain resemblance to /. japonica. The haploid 
number of chromosomes of I. gracilipes is 18, that is exactly 1/3 of 
the somatic number of chromosomes of 1. japonica. So it is very 
probable that the former species has some relation to the plant, from 
which the latter species originated. ( ompared to the chromosomes in 
somatic cells of I. japonica, those in I. gracilipes are much smaller 
in si/e, so it is doubtful that the former has a direct relation to the 

latter. 

The examples of triploid plants have now become fairly numerous 
by the recent studies of several authors But most of these plants 
are garden varieties of wild species. The example of triploidy in 
distinct wild species, such as I. japonica, is still quite scanty. Recently 
Nishiyama has reported such a case in Lycoris radiala. It is an 
interesting fact that such species do not produce ripe fruits, propagation 
being performed only in vegetative ways. 

Several authors have made a comparison between the size of cells 
of the triploid and diploid plants. In a similar way, measurments of 
the guard-cells of /. japonica and /. gracilipes were made. The results, 
average in 100 guard-cells, are shown in the following table. 
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Names of plant 

Length 0) 

Width 0) 

/. Kraciltpes (2n) 

46.8 

22.4 

/. japonica (fln) 

21). 1 

13.0 


In conclusion I wish to express my sincere gratitude to Prof. M. 
Tahaka for his kind suggestions and valuable criticisms throughout 
the course of this investigation. 


POSTSCRIPT 

After the completion of this manuscript, 1 have had the oppor¬ 
tunity to see Simonet’s papar on Iris, “ Le nombre des chromosomes 
dans le genre des Iris.” The plants which he has investigated mostly 
differ from mine and only a few are the same. His results with the 
latter agree with mine quite well. 
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Ovogenesis in Coccophora Langsdorfii (Turn.) Grev. 


By 


Masato Tabaka 

(Biological Institute, T6hoku Imp. University, Sendai.) 


As is well known, in Fucaceae the number of eggs developing in 
one oogonium is not constant; namely eight in Fucus, four in As- 
cophyllum, two in Pclvetia, and one in Sargnssum. But in all these 
genera, no matter how many eggs come to function in one oogonium, 
three successive nuclear divisions always occur in each oogonium, and 
as a result eight nuclei are produced. In Sargassum, eggs newly 
discharged from the conceptacle have at first eight nuclei, which 
generally lie near the periphery of the egg. Therefore the three 
successive nuclear divisions in the oogonium can be in this case easily 


inferred. 

In Coccophora, also a member of the family Fucaceae, however, 
the situation is totally different. In this alga the eggs which are 
developed also one in each oogonium have at the time of liberation 
from the conceptacle only one central nucleus. 

Last year I made a preliminary investigation on the egg develop¬ 


ment of this alga (Tahara, 1928). 
Meiotic divisions in the oogonium 
and resulting four nuclei were ob¬ 
served without any difficulty. But 
the eight nucleate stage was not 
observed; and although it was only 
in one case, an egg was found which 
contained four nuclei, one large and 
three small, lying together in the 
central portion of the egg (Text-fig. 
1). So I finally came to the con¬ 
clusion that, “ Four nuclei are pro¬ 
duced as usual. However, it seems 
to me that three of these four nuclei 



Text fig 1 Four nuclei grouped 
together in the central portion of 
an egg. x 1200 
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are destined to degeration, and that the eight nucleate stage of the 
egg does not appear at all in this alga. 1 ’ 

But more accurate knowledge relating to this point being quite 
desirable, this spring I went again to the Marine Biological Station 
at Asamushi to secure the material for further investigation. To my 
astonishment, an unexpected fact has been revealed by the observation 
on this new material, which will be described in the present paper. 
Also the main outline of the meiotic division in the oogonium of this 
plant will be treated at this opportunity, such studies being still quite 
scanty concerning this groups of marine algae. 

The fixation of the material was carried out exclusively with 
Flemming’s strong and weak solutions containing osmic acid with 
various modifications, among which the following one was proved to 
be generally useful for the fixation of the oogonium : 

Stork solution of chromic and (Sea Water 98 cc, saturated water 


solution of ehiomie a« id 2«e).70 cc 

Sea Water. .30 cc 

Osmic acid . 5 cc 

Glai lal acetic acid. . .... 2.5 cc 


The material remained in this mixture generally 6- 8 hours. Fixa¬ 
tion occured at various times of the day; the material was preserved 
at the sea shore for immediate use, fastened to a string, with a small 
stone for anchoring. Sections varying from 8// to 15/i in thickness 
were stained, generally with Hkidenhains iron-alum haematoxylin. 

The earliest developmental stage of the oogonium that I could 
find in the material of this year is figured in PI. XXV. Fig. 1. This 
is perhaps an early stage of synapsis. The large nucleus situated in 
the center of the oogonium is seen surrounded closely by a multitude 
of ehromatophores, except for a small clear space on one side of the 
nucleus. Against this clear space, is observed a small clump of 
chromatin-threads within the nucleus, arranged mainly in tiny loops 
protruding towards the center of the nucleus. Besides these threads 
there exist also in the interior of the nucleus irregular thread-like 
groupings of stainable substance, which are perhaps something other 
than the chromatin-granules. In the further stage of development, 
the loops of chromatin threads grow rapidly into the interior space 
of the nucleus, while on the other hand, the stainable substance 
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which hitherto existed throghout the nucleus disappears. (PL XXV, 
Fig. 2, 3). 

In 1909 Yamanouchi published an accurate study on the mitosis 
of Fuchs . His figure relating to the synapsis of this plant resembles 
mine quite closely. But according to his description, in a later stage 
of synapsis, the loops which have been so far connected together in 
a single continuous thread are segmented at the base and from a 
number of independent detached loops. He says, “The number of 
the loops is not easily counted from profile views; however a section 
cut transversely through the loops showed that there are 61 cut ends 
of arms of the loops. Consequently, the number of loops is 32, each 
loop consisting of two arms.” 32 being the haploid chromosome number 
of his material, the detached loops become thus in this case directly 
the bivalent chromosome, without passing through tin* spireme stage. 

In my material, as is shown in PI. XXV, Fig. I, distinct a spireme 
stage comes after the synapsis. A continuous spireme-thread with 
strongly stainable knots here and there is seen running through the 
interior of the nucleus. The knots become more and more distinct 
and afterwards a stage that should be considered as diakinesis appears. 
The gemini, as the knots now can be called, instead of being distribut¬ 
ed evenly in the periphery of the nucleus, as is usual in higher plants, 
are grouped together on one side of the nucleus. Their shapes are 
different, Y-, X-, O-, II- shapes being seen most frequently. The 
number of these gemini coincides with the 1 haploid chromosome number 
of this plant: 32. In the culmination of this stage, the nucleolus 
disappears. Thus within the nucleus we can see only the gemini 
suspended in a faintly staining linin-network. As shown in PL XXV, 
Fig. 2, 3, 4, it is most frequently seen a small body, which is stained 
by haematoxylin like the nucleous and is found generally attached to 
the nucleolus. A similar body is described also in Dictyota (Williams, 
1904), Padtna (Carter, 1927) and is called ‘ chromophilous spherule.’ 

At the complete formation of bivalent chromosomes the spindle- 
fibres begin to appear. To observe a definite process of spindle 1 forma¬ 
tion was, however, almost impossible in the case. Centrosomes which 
are recorded for the related genera, uch as Fucus (Yamanouchi, 
1909), Sargassum (Tahara and Shimotomai 1925) and Cyslophyllum 
(Shimotomai 1928) are not observed with certainty. This might be 
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perhaps attributed to the comparatively high systematic position of 
this alga. 

In the metaphase, the bivalent chromosomes are arranged regularly 
in an equatorial plate, in the polar view of which 32 can be estimated 
as the haploid chromosome number of this plant (PI. XXV, Fig. 13, 
U). 

After the completion of heterotypic mitosis, two fairly large inter- 
kinetic nuclei are formed (PI. XXV, Fig. 10). The homotypic spindle 
that appears soon afterward is much smaller than the foregoing one 
(PI. XXV, Fig. 12). Four.nuclei naturally result from these nuclear 
divisions (PI. XXV, Fig. 12). This was the last stage that I could 
find in the material obtained last year. 

In this year’s material, however, a further developmental stage was 
observed. Namley, the eight nucleate stage of the oogonium was 
observed. Thus the three successive nuclear division in the oogonium 
must be regarded as a normal course of development also in this 
plant. The case where only two successive nuclear divisions occur in 
the oogonium seems to appear only in the plants placed under abnormal 
conditions. Such is also the case in the species of Sargassum. 




Text-fig 2. Eight nuclei contained in a single oogonium. X 2400 

Text-Fig. 2 shows the eight nuclei contained in a single oogonium. 
One amongst them is much larger than the others and this is situated 
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at about the center of the oogonium, surrounded by a dense mass of 
cytoplasma, whilst the others lie near the periphery of the oogonium. 
It is a significant fact that each of these eight nuclei has a spindle- 
shaped body besides the nucleolus. This might be perhaps something 
other than the chromophilous body seen in the nuclei of heterotypic 
prophase (Text-fig. 2) (PI. XXV. Fig. 13, 14). The 7 nuclei lying on 
the periphery of the oogonium disintegrate soon after their formation, 
and the oogonium comes to contain only a single nucleus in its central 
portion. 

As already mentioned, the discharged eggs of Sargassnm and also 
of Cystophyllum have eight nuclei distributed around the periphery 
of their body and none of these eight nuclei is specialized as a func¬ 
tional, central situated egg-nucleus. Thus on this point Coccophora 
decidedly differs from its related genera. 

Coccophora is known as strictly endemic to the Japan Sea. It is 
the general opinion that the Japan Sea originated in a comparatively 
recent geological period, so the plants endemic to this sea could not 
be considered as the remnants of the primitive ones which have already 
disappeared in the Pacific ocean. On the contrary, they should be 
regarded as more highly specialized plants originating from their Pacific 
relatives. The structure of the eggs of Coccophora Langsdorfii appears 
to afford strong evidence for this opinion. 

As for the segmentation mitosis which takes place after the ferti¬ 
lization it will here only be mentioned that about 60 chromosomes 
are seen arranged in a regular nuclear plate. Nor does the centrosome 
appear in this mitosis. 


SUMMARY. 

1. Three successive nuclear divisions occur in the oogonium of 
Coccophora Langsdorfii. 

2. In the eight nucleate stage of the oogonium a single nucleus 
is situated in the center of the oogonium, whilst the other 7 are set 
aside to the periphery of the oogonium and are destined soon to dis¬ 
integrate. The discharged eggs have only one central nucleus. 

3. In the prophase of the heterotypic division in the oogonium 
typical synapsis-, spireme- and diakinesis-stage are observed. 
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4. The centrosome is not distinct in all nuclear divisions of this 
plant. 

5. The chromosome number of this plant has been estimated to 
be 32 in the heterotypic and about 60 in the somatic divisions. 
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EXPLANATION OF PLATE XXV. 


Fig. 1-3. Synapsis. 

Fig. 4. Spireme. 

Fig 5-6. Diakinesis. 

Fig. 7. Early metaphase. 

Fig. 8-9. Heterotypic metaphase. 

Fig. 10. Interkinese. 

Fig. 11. Homotypic metaphasc. 

Fig. 12. Nucleus in four nucleate stage. 

Fig 13. Eight nucleate stage. Nucleus figured is set aside to the periphery of 
the oogonium. 

Fig. 14. The same stage. Central nucleus. 


(All figures are magnified about 2200 times.) 






Stimulating Action of Oxyphthalein 11 Colouring Matters on 
the Geotropism in Rice*Seedling with Special Reference 
to its Effect on the Growth in Length. 

By 

Hatiwo Takeda. 

(Biological Institute, T6hoku Imperial University, Sendai.) 

Introduction. 

In 1925 Popoff“ ) showed that 0 . 0196 eosin solution, treated 72 
hours, hastens the growth of rice-seedling as much as 1.5 times that 
of the control, while in more concentrated solutions (to 0.1 %, treated 
24-72 hours) the inhibiting effect on growth is evident, causing the 
curved growth of its stem. 

In the same year Boas and Merkenschlac.kk °, and two years 
after BoAS r ° reported that the radicles of some seedlings treated with 
0.1^-0.002^ eosin solution in darkness, grow in all directions, resp. 
ageotropically, apparently quite independent of its poisoning and 
photodynamic action, while in 0.1 % solution the upward growth of 
coleoptile is also disturbed. 

Similar results are reported by v. D. Meek Mohr' 0 , who has found 
that both eosin and erythrosin inhibit the growth of many plants, so 
that they can not grow in a normal direction and become flowerless. 

Claus** attributes the ageotropic growth of radicles caused by 
Eosin to the special character of this colouring matter which exhibits 
itself in strengthening the activity of diastase on the statolith-starch 
in perceptive regions. 

In the present investigation dark-actions of Oxyphthalein colouring 
matters and their principal components on the positive or negative 
geotropism of radicle or plumule in rice-seedling were quantitatively 
studied, taking into consideration the influence on the growth in length 
caused by such chemicals; viz. Fluorescein, Eosin w. gelbl., Eosin 
blaul., two sorts of Erythrosin, Iodeosin, Eosin spritl., Cyanosin, Rose 
bengale, Gallein, resorcinol, o-phthalic acid, phthalic anhydride, bro¬ 
mine, iodine and chlorine. 
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Method. 

As the material for this study, the seeds of pedigree No. 32 of 
Toyokuni, a race of Oryza saliva were used, which were harvested 
purely by the Agricul¬ 
tural Experiment Sta¬ 
tion of Miyagi Prefec¬ 
ture. Colouring matters 
used are of Grubi.ek’s 
manufacture. 

Equally and slightly 
germinated seeds as 
shown in Fig. 1 were selected as specimens and were treated with 
water solutions of colouring matters and chemicals above mentioned 

in definite concentra¬ 
tions at definite tem¬ 
peratures and for de¬ 
finite durations. Then 
they were washed with 
water, and sown in 
darkness on the ger- 
m in a tor (Fig. 2) the 
bed of which just tou¬ 
ches the surface of 
distilled water in the 
dish. This germinator 
was especially designed 
by the author to make 
free from disturbances 
in the growth of radicles 
Fig. 2. The germinator. x J. and plumules.* Seed- 

* Over the brim of small PKTRi'dish is stretched the clean cotton(ihre-net which 
was soaked into the fused hard paraffin. This dish is then filled with distilled 
water and placed in a larger dish with a cover. The excess of water caused by 
the increase of temperature flow out from the inner into the outer PKTRi-dish 
which serves as the moist chamber. The undulation of the surface of water 
which may happen at the removal of the germinator is chocked by the net. On 
the bod of this germinator the poses of seedlings once gained are stably retained. 




Fig. 1. Slightly germinated seeds of rice. x4. 
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lings which arc arranged on this germinator grow gradually and under 
circumstances thrust out radicles and plumules quite freely in every 
direction, receiving no restriction. Now the normal plumule ascends 
and the normal radicle descends vertically, while in abnormal cases 
seedlings put out plumules and radicles in various directions, so that 
they deviate from their normal position by certain angles, taking the 
straight, curved, waving, curling or twisted forms according to the 
sort of reagents used. After a suitable growth has taken place, the 
deviating angle of each plumule and radicle from the' perpendicular 
at their base to the horizontal plane, that is, the angle between the 
line which connects the base and the point of the radicle or the 
plumule and the perpendicular is measured. In some cases to deter¬ 
mine the percentage of abnormal specimens to the total the number 
of specimens which have radicles growing upwards over the horizontal 
plane is counted, and, if any, plumules growing horizontally or down¬ 
wards under the horizontal plane are also counted. Then the seedlings 
are killed by 50% alcohol, and the length of radicles and plumules 
is measured. 

In this way the results are obtained as they are given in the 
following chapters. 


Results. 

I. THE ACTION OK OXYPHTIIALEIN COLOURING MATTERS. 

A. The influence of Eosin tv. gelid.. (Fig. 3) 

Seedlings are treated with water solutions of Eosin w. gelbl. at 
17V 22V during 17 hours. Numerical indicate averaged values 
from 111 specimens each. The results are given in Table 1. 

H. The influence of Eosin blaul. 

Seedlings are treated with water solutions of Eosin blaul. at 28V 
during 25 hours. Numericals are averaged values from 50 specimens 
each. 

Eosin blaul. gives very similar figures of ageotropism to those of 
Eosin w. gelbl. (Fig. 3). The results are given in Table 2. 
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Fig. 3. Above: Specimens treated with 0.1?® water Solution of Eosin w. 
gelbl. at 15°C during 20 hours. Central one is a top view, while the others are 
lateral views. Below; Control. Lateral view. xf. T. Soma phot. 

TABLE 1. 


Cone, of Eosin w. gelbl. 

0.1% 

0.01% 

Control 

Specimen which has radicle 
growing horizontally or upwards 

87% 

79% 

i 

0% 

The form of plumule 

horizontal 

not erect 

erect 

Length of radicle 

6.2 mm 

9.9 mm 

16.7 mm 

Length of plumule 

3.0 mm 

4.5 mm 

6.7 mm 


TABLE 2. 


Cone, of Eosin bl&ul. 

0.1% 

0.01% 

0.001% 

0.0001% 

Control 

Angle of deviation of radicle 
from its normal position 

? 

81° 

2«° 

2° 

r 

Angle of deviation of plumule 
from its normal position 

84° 

G8* 

37' 

0° 

0- 

Length of radicle 

0.4mm 

3.4 mm 

7.0 mm 

8.1 mm 

8.1 mm 

Length of plumule 

2.4 mm 

3.4 mm 

6.1 mm 

6.6 mm 

6.6 mm 
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C. The influence of Erythrosin (")*. 

Seedlings are treated with 0.1 % water solution of Erythrosin («) 
at 21°C-24 °C during 15 hours. Numerieals are averaged values from 
300 specimens each. 

Erythrosin («) gives very similar figures of ageotropism in radicle 
and plumule to those of Eosin w. gelbl. (Fig. 3) or Eosin blaul. 

TABLE 3. 



0.1 

U Eiythrosin (aj 

Control 

Specimen which has radii le growing 
horizontally or upwards 


41 ** 

. 

Specimen which has plumule grow¬ 
ing horizontally or downwards 

20** 


Length of radicle 

ft • ft mm 

ft. 5 mm 

Length of plumule 

4.0mm 

7.0 mm 

I). The influence of Erythrosin (ft)*. 


Seedlings are treated with saturated water solution of Erythrosin 

(ft) at 22°C~23°C during 20 hours. 

Numerieals are averaged values 

from 320 and 177 specimens respectively. 


TABLE 

4. 




Erythrosin (fi) 

Control 

Specimen which has radicle, growing 4 

horizontally or upwards 


\:v j 0 

0 % 

Specimen which has plumule grow¬ 
ing horizontally or downwards 


Vtt'o 


Length of radicle 


4.*.) mm 

ft. ft mm 

Length of plumule 


5.0 mm 

fi.h mm 


* There were two kinds of Erythrosin in Gruiu.kr’s manufactures in spite of their 
identical labels “ Erythrosin puris.” The one is very easily soluble in water and 
the solution is intensively fluorescent while th♦ other is very slightly soluble in 
water and without fluorescence. For the sak« of convenience the former is called 
in the present paper Erythrosin (a) and the latter Erythrosin (p). The chemical 
difference between them may probably lie in the point that Erythrosin (<*) is 
tetrabromide and Erythrosin (p) biiodide. 
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It is worthy of notice that the solution of Erythrosin (/?) which 
has no fluorescence, has a stronger effect on the negative geotropism 
of plumule than its action on the positive geotropism of radicle. In 
this respect the Erythrosin (/5) is very similar to the case of Iodeosin 
which has fluorescence in solution, as one may see in the following 
lines. 

E. The influence of Iodeosin . 

Iodeosin is also very slightly soluble in water and fluorescent with 
moderate intensity. It has an effect especially on the negative geotropism 
of plumule. Fig. 4 shows such an example. This fact is of interest 


F 

L 



r 

i 


W 


\ 


Fig. 4. Lateral view of seedlings treated with 0.01 % solution of iodeosin, 
as described in Table 6, showing the curious poses just as they stand on the 
bed of germinator. x J. 

if one takes into consideration the similar result with iodine (in KI) 
solution, as one may see in the next chapter. 


TABLE 5. 

Seedlings are treated with saturated water solution of Iodeosin at 21°C 
during 15 hours. Numericals are averaged values from 300 and 279 specimens 
respectively. 



Iodeosin 

Control 

Specimen which has radicle growing 

*1 q/ 

o# 

horizontally or upwards 

t / o 
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Iodeosin | 

Control 

Specimen which has plumule grow- 


0?.' 

ing horizontally or downwards 


Length of radicle 

4.9 mm 

5.9 mm 

Length of plumule 

5.7 mm 

5.2 mm 


TABLE 6. 

Seedlings are treated with 0.01 % water solution of Iodeosin or Eosin w. 
gelbl. for comparison at 18°C-21°C during 24 hours. Numerical are averaged 
values from 50 specimens each. 



0.01 % Iodeosin 

0.01 Eosin 
w. gelbl. 

Control 

Angle of deviation of radicle 
from its normal position 


42° 

10 J 

Angle of deviation of plumule 
from its normal position 

84° 

54' 

■ 

1 

Length of radicle 

11.9 mm 

11.4 mm 

1C..9 mm 

Length of plumule 

9.1 mm 

9.0 mm 

10.1 mm 


Iodeosin confuses the negative geotropism of plumule more* inten¬ 
sively than the solution of Eosin w. gelbl. in the same concentration. 

F The influence of Eosin spritl. 

Eosin spritl. is also hardly soluble in water, but the solution is 
moderately fluorescent. Its action is however negative, though it 
seems to have four atoms of bromine in the molecule, as is also the 
case with Eosin w. gelbl. 


TABLE 7. 

Seedlings are treated with saturated water solution of Eosin spritl. at 21”C 
during 15 hours. Numericals are averaged vulues from 300 specimens each. 



Eosin spritl. 

Control 

Specimen which has curled radicle 


0# 
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Eosin spritl. 

Control 

Specimen which has non*ercct plumule 

* 

r. 

! ' 

(>?»' 

Length of radicle 

5.0 mm 

5.9 mm 

Length of plumule 

4.8 mm 

5.2 mm 


TABLE *. 

Seedlings are treated with 0.01 % water solution of Kosin spritl. or Eosin 
w. gelbl. for comparison at 21 0 C>18°C during 24 hours. Numericals are averaged 
values from 50 specimens each. 



0.01 % Eosin 
spritl. 

0.01% Kosin 
w. gelbl. 

Control 

Anglo of deviation of radicle 
from its normal position 

15" 

42° 

10° 

Angle of deviation of plumule 
from its normal position 

4° 

54° 

3° 

Length of radicle 

14.1 mm 

11.4 mm 

16.9 mm 

Length of plumule 

9.3 mm 

9.6mm 

10.1 mm 


The negative action in the case of Kosin spritl. is also evident, 
though the solution of Eosin w. gelbl. in the same concentration confuses 
the geotropism quite intensively. 

G. The influence of Cyanosin. 

The solution of Cyanosin has very faint fluorescence. Seedlings 

TABLE 9. 



0.1% Cyanosin 

Control 

Specimen which has radicle growing 
horizontally or upwards 

50?.' 

0% 

Specimen which has plumule grow¬ 
ing horizontally or downwards 

11 % 

. . . . . . | 

0% 

Length of radicle 

5. C mm 

12.C mm 

length of plumule 

2.9 mm 

6.0 mm 
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are treated with 0A% water solution of Cyanosin at 25°C-23°C during 
15 hours. Numericals are averaged values from 316 and 208 specimens 
respectively. (Table 9). 

H. The influence of Rose hengale . 

Seedlings are treated with 0.196 water solution of Rose bengale 
at 25T-23°C during 15 hours. Numericals are averaged values from 
208 to 332 specimens each. 


Table io. 



0.1 Rose hengale j 

Control 


Specimen which has radicle grow¬ 
ing horizontally or upwards 




l 

Specimen which has plumule grow¬ 
ing horizontally or downwards 

1 

io-%; 

0 , 


Specimen which has plumule twisted 
or waving, with point non-ascending 

7 % 



Length of radicle 

, 

(>.2mm 

12,0 mm 


Length of plumule 

.'».2 mrn j 

0,0 mm 


Rose bengale shows in solution no fluorescence. It confuses 
especially the negative geotropism of plumule. But in more dilute 
solution (0.019^) it can not cause such positive reaction, while Kosin 
etc. in the same concentration more or less disturb the geotropism. 

/. The influence of Gallein sicc. and Fluorescein . 

These two colouring matters, particularly the latter are slightly 
soluble in water, and in the solution Gallein shows no fluorescence 
while Fluorescein exhibits strong fluorescence. Both of them inhibit 
or accelerate the* growth of radicle, but do not cause ageotropism at 
all, as one may see from the following table. Seedlings are treated 
with 0.004 water solution of Fluorescein or Kosin w. gelbl. for 
comparison or with 0.0196 water solution of Gallein sicc. at 2t°C-18°C 
during 24 hours. Numericals are averaged values from 50 specimens 
each. 
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TABLE 11. 



0.0t'4% 
Eosin w. 
gelbl. 

0.004% 

! Fluorescein 

0.01% 

Gallein 

Control 

Angle of deviation of radicle 
from its normal position 

49° 

11° 

12° 

10° 

Angle of deviation of plumule 
from its normal position 

1 

41° i 

i 

r>° 

6° \ 

.y 

length of radicle 

12.4 mm | 

14.8 mm 

2a.4 mm 

16.9 mm 

Length of plumule 

9.5 mm 

11.0 mm 

10. i mm | 

10.1 mm 


In the above table it is remarkable to note that 0.004% solution 
of Eosin w. gelbl. confuses geotropism moderately in opposition to 
the negative effect of Fluorescein in the solution of the same con¬ 
centration. 

J. Comparison of actions of several Oxyphlhalein colouring matters . 

For the sake of comparison easily water-soluble colouring matters 
only are employed. Among them the fluorescence of Eosin w. gelbl. 
is the most intensive, of Eosin blaul. and Erythrosin (a) the next and 
of Cyanosin the least in its intensity. Rose bengale is not fluorescent 
at all. Inhibiting action on growth and confusing action on geotropism 
seems also to be graded in the order of this intensity on the whole, 
so far as the researches are extended. 


TABLE 12. 

Seedlings are treated with 0.001 Mol water solution * of each colouring 
matter at 15°C-1S°C during 20 hours. Numoricals are averaged values from 
270 to 278 specimens each. 



Eosin w. 
gelbl. 

Erythro¬ 
sin (»j 

Eosin 

blaul. 

Cyanosin 

! Hose 
bengale 

Control 

Specimen which has 


- j 

i 





radicle growing hori¬ 
zontally or upwards 

71% 

65% 

45% 

6% 

0% 

0# 


*The Mol solutions are prepared after the formulae cited in 4< Far bs toff tabellen 
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Eosin w. 1 
gelbl. , 

1 

Erythro* ! 
sin (a) | 

Eosin ! 
l.laul. | 

Cyanosin 

: Rose 
bengale 

Control 

Specimen which has 
plumule growing hori¬ 
zontally or downwards 

Z% or | 
more j 

4% j 
| 

1 

1 

0-9 | 

" " 1 

I 

0%' 

ou 

0% 

Specimen which has 
perfectly normally grow¬ 
ing radicle and plumule 

0% i 

i 

1 

6 % | 
_| 

! 

.".Of.' 

[ 85** 

US’,; 

100"^ 

Length of radicle 

8.9 mm j 

U. 8 mm i 

12.0 mm 

15.4 mm 

15.. 0 > mm 

| 

28.4 mm 

Length of plumule 

5.2 mm | 

4.7 mm j 

" ! 

5. 9 mm 

5.8 mm 

! 5.0 mm 

7.7 mm 


TABLE 13. 

Seedlings are treated with 0.01 °i water solution of each colouring matter 
at i£4°C-21'C during 46 hours. Numerical* are averaged \alues from 50 speci¬ 
mens each. 



Eosin w. | 
gelbl. | 

Eosin 

blaul. 

1 , I 

| ( y an os in 

Rose 

bengale 

Control 

Angle of deviation of radicle 
from its normal position 

1 

75° 1 

1 

oo 1 

j :*>• 

i 

10" 

0° 

Angle of deviation of plumule 
from its normal position 

e.r i 

1 

(5° 

| 

| 17' 

! 

r>* 

| 

1° 

Length of radicle 

0.0 mm J 

7.(1 mm 

10.1 mm 

| 10.0 mm 

10.9 mm 

Length of plumule 

___ _ | 

5.0 mm 1 

i 

5.2 mm 

i ~~ 

j 5.0 mm 

| 4.0 mm 

0.9 mm 


It is conspicuous that Rose bengale inhibits especially the growth 
of plumule. 


II. THE ACTION OF SEVERAL CHEMICAL COMPONENTS 
OF WHICH THE OXY PHTH ALE IN COLOURING 
MATTERS CONSIST 

According to SCHULTZ 0 almost all Oxyphthalein colouring matters 
are made from phthalic acid and resorcinol, and the difterenciation 
among them is based upon the various combinations of these two 
nuclei with bromine, iodine, chlorine etc. respectively. So these 
essential components were also examined by means of the following 
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chemicals in respect to their influence on the geotropism and the 
growth of seedling. 

A. The influence of Resorcinol (Gruiii.er’s). 

Seedlings are treated with water solution of t.O, 0.5, and 0.1 % 
concentration at 18°C -20°C during 20 hours. Numericals are averaged 
values from 100 specimens each. 



table 

14. 




I 

| 1.0 

Resorcinol 

i o.r.% 

i 

0.1 % 

Control 

Spenmen which has radicle 
growing horizontally or upwards 

i 

i <>'»• 

i 

0% 

! 0f O 

1 

i 

1 0 % 

Specimen which has plumule 
growing hoiizontully or down¬ 
wards 


0% 

0% 

\ 

i ^ 

1 

Specimen which has normal 
plumule but lacks radicle 

1 78% 

12% 

0% 

i 

I {)?r ' 

Specimen which lacks both 
radicle and plumule 

12% 

0% 

0 % ! 
! 

! 

0% 

Specimen which has normal 
radicle and plumule 

10%' ! 

88% 

100 % 

100”. 

Length of radicle 

0.1 mm 

(5.0 mm 1 

15.1 mm 

1(5.1 mm 

Length of plumule | 

2.0 mm j 

4 .8 mm 

7 .4 mrn | 

7.0 mm 


Resorcinol inhibits only the growth, but does not confuse the 
geotropism at all. 

B. The influence of o-phthalic acid and phthalic anhydride. 
(Kahlbaum). 

Those two chemicals confuse only the positive geotropism of radicle 
in a moderate intensity. Seedlings are treated with water solution of 
them at 30°C during 15 hours. Numericals are averaged values from 
100 specimens each. 
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TABLE IS. 



o-Phthahc acid 



0.5 •„ 

o.2r>% j 

j 

Control 

Specimen which has radicle 
growing horizontally or upwards 

0% 


12% | 

1 

0% 

Specimen which has plumule 
growing horizontally or down¬ 
wards 

0% 

1 

0% | 

! 

o% | 

i 

0% 

Specimen which has normal 
plumule but lacks radicle 

27% 

74% j 

14% j 

i 

0% 

Specimen which lacks both 
radicle and plumule 

i %> , o 

i 

11 % 

i 

! 

0% ! 

0% 

1 

1 

Specimen which has normal 
radicle and plumule 

1 

0 % 

r»% 

1 74 'j' 

100 % 

1 

length of radicle 

7 

1 .6 mm 

17.0 mm 

1 2.°..6 mm 

Length of plumule 

0.7 mm 

6.6 mm 

| 12.8 mm 

' 16.6 mm 


TABLE 

16 . 




Phthalic anhydride 

i 

I Control 

1 


0.6% 

0.26% 

| 0.125?.' 

Specimen which has radicle 
growing horizontally or upwards 

o% 

r>% 

11% 

j 0% 

. 

Specimen which has plumule 
growing horizontally or down¬ 
wards 

0 % 

0% 

0 % 

0% 

Specimen which has normal 
plumule* but lacks radicle 

18% 

70% 

1S% 

(*% 

Specimen whw h lacks both 
radicle and plumule 

82% 

14% 

0% 

0% 

Specimen which has normal 
radicle and plumule 

0 % 

4% 

71% 

100% 

1 

Length of radicle 

7 

1 .0 mm 

17.8 mm 

2*5.6 mm 

Length of plumule 

0. (5 mm 

4. S mm 

1*5.1 mm 

16.6 mm 
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C. The influence of Chlor-calc. 

Seedlings are treated with saturated water solution of chlor-calc 
at liTC during 20 hours. Numerical are averaged values from 166 
and 127 specimens respectively. 

TABLE 17. 



; Chlor-calc 

I Control 

Specimen which has radicle grow- 

i 

0% 

j 

mg horizontally or upwards 


Length of radicle 

! 5.7 mm 

12.0 mm 

Length of plumule 

5.1 mm 

0.0 mm 


Chlor-calc water which dissolves free chlorine in itself, also seems 
to act very slightly on the development of plumule. Viz. it bends 
the points of plumule slightly in several specimens. But it is doubtful 
whether this may be accounted for by the ageotropic growth caused 
by chlor-calc or chlorine. 

The above' result with chlor-calc may rather suggest that it is due 
to the character of chlorine itself. 

D. The influence of bromine . (Fig. 5). 

Bromine acts chiefly on radicle to confuse its positive geotropism, 
but to some extent disturbs also the negative geotropism of plumule. 



Fig. 5. Ageotropism of radicles caused by 0.1%-0.05% bromine water; 
treated at ca. 20°C during 20 hours. Lateral view. Somewhat reduced. 
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This is worthy of notice, because the only difference between Eosin 
w. gelbl. and Fluorescein lie in the point whether it is a bromo-deriva- 
tive or not. 


TABLE 18. 

Seedlings are treated with bromine water at 18°C- 20°C during 20 hours. 
Numerical are averaged values from 1(H) specimens each. 


Concentration at the 

Bromine 

Control 

beginning of treatment 

0.0<>% 

0.0.1% 

Specimen which has radicle 
growing horizontally or upwards 

14% 

7% 

[ 0% 

Specimen which has plumule 
growing horizontally or down¬ 
wards 

Q?i 



Specimen which has normal 
radicle and plumule 

4 GU 

93% 


Length of radicle 

. 4 mm 

10.9 mm 

16.1 mm 

Length of plumule 

| 5.0 mm 

0.8 mm 

7.9 mm 


T 


TABLE 19. 


Seedlings are treated with bromine water at 20°C during 20 hours. Numeri- 
cals are averaged values from 50 specimens each. 


Concentration at the 


Bromine 


Control 

beginning of treatment 

0.2r' o 

0.1% 

o.ur.% 

0.025"* | 

Angle of deviation of radicle 
from its normal position 

Half of all 
specimens 
were killed. 

64° 

10° 

l(. J 

12° 

Angle of deviation of plumule 
from its normal position 

In the rest 
radicles did 
not appear, 

1 6° 

5° 

i 

4° 

1 

4" 

Length of radicle 

plumules 
grew some¬ 
what hori¬ 
zontally 
and were 
very small 

2.5 mm 

8.6 mm 

11.0 mm ' 

14.9 nun 

Length of plumule 

5.6 mm 

9.0 mm 

10,0 mm 

0.8 mm 

i 
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E. The influence of iodine . (Fig. 6). 


L 


xLl 

L 


Fig. 6 Above: The confusion 
of negative geotropism of 
plumules caused by 0.05f» 
iodine dissolved in 0.1 KI 
water solution; treated at <*a. 
19°C during 21 hours. Below 
Specimens which were trea¬ 
ted with 0.03 Jo iodine dissol¬ 
ved in 0.0*1% KI water solu¬ 
tion at 30”C during 17 hours. 
Lateral views. Somewhat re¬ 
duced. 


Iodine is hardly soluble in water; so 
it is necessary to take iodine dissolved in KI 
solution as a stimulant, which is intensive 
enough in effect for this experiment. 

Dilute solution of iodine accelerates 
the growth only. A little more concent¬ 
rated solution inhibits the growth and 
confuses the positive geotropism of radicle. 
A rather concentrated solution in which 
radicles are no longer allowed to grow 
further confuses strongly the* negative 
geotropism of plumules, as shown in Fig. 
6. This latter fact coincides with that in 
case of Iodeosin where the negative geo¬ 
tropism of plumule is also disturbed. The 
only difference between Iodeosin and 
Fluorescein is whether it is a iodo-deriva- 
tive or not. 

When the seedlings are treated with 
0.05% iodine dissolved in 0.1% water 
solution of KI at 18°C-19°C during 21 
hours, the negative geotropism of plumules 
is strongly confused, though they become 
somewhat slender, apparently owing to the 
poisoning action of iodine, showing many 
curious figures of downward growth of 
plumules, as they are reproduced in Fig. 6. 


TABLE 20. 

Seedlings are treated with saturated water solution of iodine at 21°C-2FC 
during 15 hours. Numericals arc averaged values from 98 specimens each. 



Iodine water 

Control 

Specimen which has radicle grow¬ 
ing horizontally or upwards 


ou 
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Iodine water 

Control 

Specimen which has plumule grow¬ 
ing upwards but shows crooked or 

20% 

0% 

descended point 



Length of radicle 

8.f>inm 

0.5 mm 

Length of plumule 

5.9 mm 

7.0 mm 


N. B. Almost all plumules of treated specimens are thick, wide and obtuse- 
pointed. 


TABLE 21. 

Seedlings are treated with 0.1% water solutions of Nal and KI at 32°C during 
20 hours. Numericals are averaged values from 100 to 110 specimens each. 



Nal 

KI 

Control 

Specimen which has radicle 
growing horizontally or upwards 

o?; 

1% or less 

0% 

Specimen whi< h has plumule 
growing horizontally or down¬ 
wards 

0% 

0% 

9% 

Length of radicle 

15.0 mm 

14.0 mm 

13.3 mm 

Length of plumule 

10.7 mm 

11.3 nun , 

11.0 mm 


TABLE 22. 

Seedlings are treated with iodine (in KI) solutions at 30 C during 15 houis. 
The solvent is less concentrated than 0.1’© as to KI. Numericals aie averaged 
values from 100 specimens each. 


Concentration at the 

Iodine 

j ( Control 

beginning of treatment 

0.08% 

0.0(1^ 


Specimen which has radicle 
growing horizontally or upwards 


indistinct, 
because of 
smallness of 
radicles 

50 % 

0% 

Specimen which has descended, 
horizontal or twisted plumule 

0% 

indistinct, 
because of 
smallness of 
plumules 

1 

i *>© 

o 

or more 

j 0% 
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Concentration at the 

Iodine 

Control 

beginning of treatment 

0.08# 

0.06# 

0.04% 

Specimen which has been killed 

100# 

24% 


0# 

Length of radicle 

0.0 mm 

0.1 mm 

4.6mm 

20.1 mm 

Length of plumule 

0.2 mm 

0.7 mm 

2.5 mm 

10.2mm 


Table 23. 

The influence of iodine (in Kl) solution and the solvent itself. Seedlings 
are treated at 30°C during 17 hours. Numericals are averaged values from 50 
specimens each. 


Concentration at the 
beginning of treatment 

0.03% Iodine 
in 0.04%K1 

0.04# 

KI 

Control 

Angle of deviation of radicle 
from its normal position 

47° 


18° 

Plumule 

erect but 
obtuse-pointed 

normal 

normal 

length of radicle 

8.2mm 

17.4 mm 

14.1 mm 

Length of plumule 

10.0 mm 

15.1 mm 

1.T.0 mm 


Conclusion. 

If the molecular formulae of colouring matters used may be assumed 
to comply with those of dyes which are described in “ Schultz : 
Farbstofftabellen ” 0 in the coincident names respectively, the meaning 
of the above results may probably be explained as follows. 

Free phthalic acid confuses geotropism. But Fluorescein and Gallein 
have no such action. In these dyes phthalic acid is restricted to 
the resorcinol-nucleus. And the thus restricted phthalic acid-nucleus 
seems to have no more such ageotropic action. From this considera¬ 
tion it is presumed that the ageotropism caused by Oxyphthalein 
colouring matters is independent of their phthalic acid-nuclei. 

The mere addition of tetra bromine to Fluorescein causes the 
ageotropism above mentioned. And free bromine has also such action. 
Furthermore, this tetrabromide of Fluorescein, i. e. Eosin w. gelbl. 
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confuses more intensively the geotropism than Eosin blaul. which is 
the dibromide of the same. Therefore it is probable that the existence 
of bromine may be part of the cause of such ageotropism. 

Bromine resp. bromides among Oxyphthalein colouring matters act 
chiefly to disturb the positive geotropism of radicle, and in a subor¬ 
dinated degree to confuse the negative geotropism of plumule also. 

On the other hand Iodeosin, Erythrosin (/J) and Rose bengale are 
iodides of Fluorescein and confuse mainly the negative geotropism of 
plumule. Free iodine, accompanying some poisoning actions, causes 
the downward curvature of the plumule. Iodine resp. iodides among 
Oxyphthalein colouring matters also disturb to some extent the positive 
geotropism of radicle. Then the existence of iodine may be an another 
cause of such ageotropism, especially of the plumule. Iodine or 
bromine combines with the resorcinol-nucleus of each colouring matter. 

The resorcinol-nucleus, which constitutes each Oxyphthalein colouring 
matter together with phthalic acid-nucleus, is probably independent of 
the ageotropism caused by Oxyphthalein colouring matters. 

Now Eosin w. gelbl., Erythrosin («) and Cyanosin are all tetra- 
bromides. But the ageotropic action of Eosin w. gelbl. is the strongest, 
while Erythrosin («) is the next, and Cyanosin is the weakest of all. 
On the other hand chlorine is combined with the phthalic acid-nucleus 
in each of the last two dyes, viz. Erythrosin («) is bichloride and 
Cyanosin tetrachloride. Then chlorine seems to act antagonistically 
to bromine in respect to the confusing action on the geotropism. 
Similarly chlorine is also antagonistic to iodine. Namely Iodeosin, which 
is a tetraiodide, and has no chlorine in the molecule confuses the 
geotropism more strongly than Rose bengale, which is a tetraiodide, 
and simultaneously bichloride. 

Eosin spritl. has no action of disturbing geotropism in spite of the 
tetrabromide in its chemical structure. Perhaps this is due to the 
existence of methyl- or ethyl-group which combines with the phthalic 
acid-nucleus of this dye. 


Summary. 

Among Oxyphthalein colouring matters, bromides or iodides confuse 
geotropism in rice-seedling by dark-action. 



576 


H. TAKEDA 


Roughly speaking, such action is in proportion to the intensity of 
fluorescence produced by the water solution of each dye in light. 

Dyes which are iodides disturb mainly the negative geotropism of 
plumule, while dyes which are bromides disturb the positive geotropism 
of radicle on the whole. 

It is probable that the cause of agcotropism which results from 
the treatment with such colouring matters is based upon the existence 
of iodine or bromine which combines with the resorcinol-nucleus of 
these dyes. 

This work has been directed by Prof. Dr. Y. Yamaguti, to whom 
I here wish to express my gratitude. 
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On the Inheritance of Some Characters in 
Glycine Soja, Bentham (Soy-Bean). 

i*» 

Fumi Takaci. 

(Biological Institute, Tohoku Imp. UmwrsiU, Sendai) 

(With Plate XXVI) 

The inheritance of various characters in the soy-bean has been 
already studied by several authors. Namely Tkkao (1918) studied a 
maternal inheritance in cotyledon colours; Takahashi and Fukuyama 
(1919) studied the inheritance* of the charactcTs relating to cotyledon, 
seed-coat, hilum, leaf and others; WoonwoitTH (1921) made an 
investigation on the inheritance of the colours of several parts of the 
plant, that is of cotyledon, seed-coat, hilum, and pubescence; Nauai 
reported several times on the inheritance of the soy-bean, in the latest 
report (1926), he published, amongst others, the results of the investi¬ 
gation on the stem and leaf form, the seed si/e, the seed-coat and 
flower colours. 

“ Kurakake ”, one form of the soy-bean, which has a saddle-like 
pattern on the seed-coat, is fairly common in Sendai. Another from 
of the soy-bean, which is called “ Keitomame ” or 44 Shakujomame ” 
{Glycine Soja , Bkntiiam mut. fasciata Takahashi) has a fasciated 
stem and is sometimes cultivated in the same district. 

Professor Tahara planned to investigate the inheritance of these 
tw r o plants. The cross was made for the first time in the spring of 
1921, but no seed was produced. Hi; made* another attempt in 1925, 
and obtained some seeds from the cross 44 Keitomame ”(■) x “ Kura¬ 
kake ”(&)• In 1926, 2 Fj plants grew from those seeds, and there¬ 
after he transferred this work to the writer, who was hoping to 
study something in this direction. The writer continued the investi¬ 
gation in two successive generations. Some results will here be briefly 
reported. At the outset, it will be purposeful to enumerate the* 
eharaeters of the* two plants. 
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I. THE CHARACTERS OF BOTH PARENT PLANTS. 

The characters of both plants are shown in the following table. 


Table i. 



“ Keitomame ” 

“ Kurakake ” 

Stem form 

fasciated 

normal 

I-eaf colour 

green 

green 

Flower colour 

white 

purple 

Si/e of seed 

small and round 

large and Hat 

Hilum colour 

brown 

black 

Pattern 

no pattern 

saddle (colour black) 


The stem of “ Keitomame ” is normal when young, but faseiates 
gradually as it grows. In maturity, the stem form is quite different 
from that of ‘‘ Kurakake The fasciated stem has only a few small 
branches (PI. XXVI, Fig. 1). The flowers are crowded at the end 
of the stem, but are also seen scattered on other parts of the plants. 
With regard to the morphology of “ Keitomame ”, Takahashi and 
Fukuyama (1919) have already published a report. 

II FASCIATION. 

The F, plants arising from the cross “ Keitomame ” x “ Kurakake” 
have a nondasciated stem. The segregation in F 2 occurred in a 
monohybrid ratio (Table 2). 


Table 2. 



Normal i 

Fasciated 

Observed 

! 118 ! 

i 

41 

Expected (3:1) 

j 119.23 

1_ _ , _ 

39.75 

Deviation 

; -1.25 

-Hi .25 

Mean error 

5.40 ; 

. i 

5.45 


In F 3 generation, the progenies of F* plants segregated in three 
types; the first bred true for the non-fasciated; the second bred 
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true for the fasciated, the third segregated in the non-fasciated and 
fasciated in the ratio 3:1. The following table refers only to those 
individuals of the last mentioned type. 


Table :l 

Progenies of the third type of K« plants. 


Pedigree number 
of F 2 plants 

1 

! Normal 

Fasciated 

4 

! 31 

10(4) 

13 

i 44(1) 

10(3) 

an 

2a 

12(4) 

/ 3(i 

32(1) 

17(7) 

40 

' 41 

•1(4) 

42 

24 

8 

04 

48(a) 

<K4) 

05 

42(1) 

13(S) 

S2 

ai 

C»(2) 

SO 

an 

10(5) 

t*n 

27 

14(8) 

lot) 

27 

12(D) 

ill 

47 

20(1a> 

112 

27 

0(2) 

113 

ac» 

14(5) 

Total 

r» la 

170 

Expected (.*5:1) 

1 512.25 

170.73 

Deviation 

+ 0.75 

| - 0.73 

Mean error 

11.32 

11.32 


The above result coincides with that of Nacai (1920) who made 
also a similar experiment. 

In passing, it may he worth mention here that the flowers on the 
individuals with fasciated stems have sometimes 2 or 3 pistils. In 
the above; table the numbers in the parenthesis show the numbers 
of the plants which produced two or more pods in the; same flower. 
Ten fasciated plants of F 3 generation were chosen for an accurate 
r observation, and ten flowers on each individuals were examined as to 
the number of pistils. The results are given in lable 4. 

When a flower has two or tl\ree pistils, we can naturally expect 
the production of two or three pods in the same flower. But such 
a case does not often occur. If the two pods develop in the same 
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Table 4. 


WumLer of pistils 




in flower 

i | 

o ! 

:< 

Plant number 

i 

. 


1 

a 

7 * 

0 

4 > 

l 

o ! 

0 

a 

7 

1 

0 

4 

s 

»> 

0 

5 

r* \ 

i 

a 

0 

« 

o 

a : 

l 

r* 

i 

> *• 
i 


0 

H 1 

1 4 

r> 

0 

\) j 

| 7 

:« 

0 

10 

1 5 

1 

5 

0 

Total 

1 (ft 

44 

1 


flower, generally they are of unequal si/e, one becoming sometimes 
only a rudiment (PL XXVI, Fig. 8, Text-fig. 1). Also, fairly often 



Test-fig. 1. Pods produced in flowers which have two or more 
pistils, a Two distinct pods of equal size produced in one flower, 
h. Two jmkIs producer) in one flower partly fused, e. Three pods 
developed in one flower united together into a single body. The two 
of the three pods become, however, onl\ rudimentary. *1. 


two pods developing in the same flower fuse together into a single 
body of prismatic shape, triangular in cross section, at maturity 
splitting in three valves, the inner valves of the two pods being united 
to a single valve. The suture line in this coalescence is only faintly 
visible in a ripened fruit and does not split even in maturity (Text-fig. 2). 
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Pods of such a nature have generally 
two malformed seeds of unequal size in 
each placenta, which are exclusively seen 
on the line formed by the union of two 
outer valves of the two pods. 

III. CHLOROSIS. 

In this crossing, the parents have green 
leaves and the V t plants are the same as 
the parents. But in the F 2 , segregation 
occurred in the ratio, the normal type 
with green leaves 15 and the chlorosis 
type with greenish yellow leaves 1. 



Text-fig. 2. Dehiscence of 
a pod which lias developed 
from the* entire fusion of two 
pods. The pod splits into 
three valves, xl. 


TAHI.K r,. 

i 

(«recn ! 

i 

(ireemsh yellow 

()bservcd 

ir.» 

7 

Expected (15:1) 



1 )ev iation 

2.1*4 

'2.'M 

t 

Mean enor 

:;.er> 

| ;!.or» 


The plants of the chlorosis type, when >oung, look like the normal 
ones, but in later development their leaves gradually turn greenish 
yellow and the plants becomes stunted in appearance. Accordingly, 
only very small and faintly coloured seeds are produced in these 
plants. The ratio 15: 1 obtained in F 2 generation suggests two comple¬ 
mentary factors, as A and B. From this assumption it follows 
that in the presence of either one or both of these factors, the leaves 
become green, but in the absence of both, the leaves become greenish 
yellow. Thus in genetic composition the parents of this cross are 
AAbb and aaBB respectively, and F t isAaBb. In the F 2 generation, 
one part out of 16 is aabb in composition and has greenish yellow 
leaves. The plants with greenish yellow leaves bred true for this 
character in the F 3 generation. The F 2 plants hearing green leaves 
bred differently in F 3 generation, as was expected; 7 parts out of 15bred 
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true in F 3 , 4 produced green and greenish yellow in an approximate 3:1 
ratio; and the remaining 1 out of 15 behaved like the F t plants, giving 
again an approximate 15 : 1 ratio. The data are presented in Tabic 6. 

TABLE 

Progenies from F> individuals with greenish >ellow leaves. 


Pedigree number of 

F> plants 

(been 

Greenish yellow 

165 

i 

0 


Progenies of F* plant 

s bearing 

green leaves. 

Pedigree number of 

Fo plants 

Green 

Gieemsh yellow 

4 

42 

0 

la 

51 

0 

US 

51 

0 

82 1 

.‘>7 

0 

st; 

4:» 

0 

ss 

41 

0 

1)0 

7:i 

0 

yi 

4r, 

0 

y:t 

41 

0 

ys 

74 

0 

yy 

47 

0 

108 


0 

112 

n 7 

0 

Total 

Ills 

0 

an 

4# 4 

10 

no 

42 

7 

40 

:;7 

10 

42 

:;l 

(> 

65 

45 

10 

07 

44 

12 

02 


12 

yr> 

51 

17 

100 

20 

7 

tot) 

25 

(5 

111 

55 

12 

Total 

425 

joy 

Expected (5:1j 

400.5 

1.T3.5 

Dev lation 

24.5 

24.5 

Mean error 

10.01 

10.01 
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'digree number of 
K 2 plants 

Gieen 

Greenish veil 

27 

ar> 


4 

ai 

47 


4 

VA 

64 


1 

sr, 

41 


o 

s7 

la 


4 

S9 

29 


o 

107 

sa 


r. 

109 

r:7 


o 

110 

O') 


•> 

i la 

48 


it 

ir»2 

:s4 


4 

Total 

486 

1 

1 

:M 

Exported (16:1) 

4 S6. 6b 

i 

:i2.4t 

Dev tation 

-1.66 

1 

l 

i ! .5b 

Mean mor 

6.61 


6.61 


IV. FLOWER COLOUR. 

As for Hower colour, a monohybrid ratio was obtained in F 2 and 
Ft generation. Thus my results entirely coincide with Nxgai’s. Data 
am* shown in Table 7. 


Table 7. 

Flovvei < olour in K* generation. 



Purple 

White 

Obscrv ed 

j *>»> 


Expected CM) 

119.26 

69.75 

Deviation 

4*2.76 

-2.75 

Mean error 

5.4 b 

5.4b 

Flower 

colour in Ft generation. 



Purple 

White 

Observed 

600 

162 

Expected (.*1:1) 

4s 9 

ina 

Deviation 

411 

- 11 

Mean error 

11 .(»(• 

11.0b 
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V. SIZE OF SEEDS. 

The seeds of “ Keitnmame ” are small and those of u Kurakake ” 
are large, and the size' of the seeds of F, plants are about intermediate 
between the size of the parent seeds. The data of the parents and 
F| are as follows. 


TABLE X. 


Mean \alue 

Number of seeds used 
for measuiement 


P ('* keito ") 
12'.).Mi mg. 

1S1 


1* (“ Kura 

a<n .r>i 

170 


arvr.aft mg. 




Standard deviation 


125. r».‘5 mg 


4ft.r»S mg 


.‘Ut.47 mu. 


Mean error of mean .. .. 

value O.M.nf!. 


0.2ft mu 


U.Ufimg. 


Segregation in F 2 and l«\ is very complex, and no description is 
given here. 


VI. HILUM AN!) SADDLE PATTERN COLOUR. 

Roth parent plants differ in hilum colour. In the seeds of 
“ Keitnmame ” it is brown, while in the* seeds of “ Kurakake ” it is 
black. The F, plants resulting from the* cross between these parents 
bore seeds with the black hilum like that in the seeds of “ Kurakake”. 
In th<' F, generation, segregation occurred in the ratio, A black and 
1 brown. The data are given in Table 9. 

Table <). 


! 

Kim I. 

Brown 

1 

Obsen ed 

1121! 

av 

Expected (tf:!) j 

11 # . an 

ay. 7r, 

De\ lation 

+ 2.75 

- 2.7ft 

Moan error 

6.40 j 

ft.4fi 
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Wood worth reports a datum concerning the liilum colour inherit¬ 
ance. lie says “ Black hilum is dominant to brown hilum, and in 

F 2 a ratio of 9 black to 7 brown was obtained. This indicates that 
there are two factors, complements of each other, which are necessary 
to produce black hilum. In the absence of either one or both, the 

hilum is brown.” Owing to the difference of the materials, he has 

obtained a different segregation in F 3 generation. 

The seed of “ Kurakake ” has a saddle pattern around the hilum 
and “ Keitomame ” has no saddle. In Y\ generation, only a faintly 
coloured portion is discernible around the hilum (PI. XXVI, Fig. 2). 
Segregation occurred in monohybrid ratio in F* generation. The data 
are shown in Table 10. 


Table io. 



No saddle 

Saddle 

Obsen ed 

111 

48 

Expected (JM J 


:n».75 

1 >evidtion 

H.25 

1 S.2T> 

Mean error 

r>.4<} 

r>. 


Namely, the saddle pattern in soy-bean is recessive to the non¬ 
saddle pattern. The pattern colour is always the same as the hilum 
colour. So it appears that an allelomorphic pair Rr is concerned 
with the colour of the both parts of the seed. Both parts become 
black in colour with tin' existence of R, and become brown in the 
absence of R. To explain the saddle pattern, it is necessary to assume 
an inhibiting factor K. Thus “ Kurakake ” has the composition RRkk 
and ‘‘ Keitomame ” rrKK, and V\ RrKk. In F* generation, dihybrid 
segregation in the 1 ratio 9: 5 :3: 1 was seen. The data are shown in 
Table 11. 

In the F 3 generation, the plants with brown hilum and brown 
saddle bred true for these characters. The other F 2 plants bred 
differently. Some examples are shown in Table 12. 
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TABLF. 11. 



, Black hilum, 

| non saddled 

Observed 

t 

' 82 

Expected (9:3: It: 1) 

89.4 

Deviation 

-7.4 

Mean error 

i 6.25 


Black hilum, Broun hilum, ; Brown hilum, 


saddled 

1 non saddled 

1 ! 

1 saddled 

40 

i 

, 29 

1 

1 8 

! 

29. S 

| 29.8 

9.9 

\ 10.2 

O.S 

1 i 

- 1.9 

4.92 

i i 

1 4.U2 

3.05 


•TABLE 12. 

A. Progenies of Fj plants bearing seeds non-saddled, with blown hilum. 


Pedigree number 

Brown hilum. 

i Broun hilum, 

of plants 

non-saddled 

l 

saddled 

I 

64 (rrkk) 

54 

0 

651 
r, 7 J 

| (rrKk) 

:;9 

49 

14 

17 

Total 


ss 

31 

Expected (3:1) 

89.25 

29.75 

Deviation 

-1.25 

4-1.25 

Mean 

error 

4.72 

4.72 

B. Progenies of 1'% 

plants beating seeds with black saddle. 

Pedigree number 

Black hilum. 

Brown hilum. 

of plants 

saddled 

saddled 

4 


1 M»r 

11 

13 


•>o 

16 

27 


24 

9 

28 

31 

(Rrkk) 

1 40 

36 

11 

13 

n:; 


27 

6 

36 


22 

8 

40, 


oo 

12 

Total 


i 239 

i 

86 

Expected (3:1) 

24.1.75 

81.25 

Deviation 

-4.75 

4-4.75 

Mean 

error 

, 7.81 

7.SI 








INHERITANCE IN GLYCINE SOJA 


587 


C Progenies of Fa plants bearing seeds non-saddled, with black hilum. 


Pedigree number 

Black hilum, 

i Black hilum, 

Brown hilum, 

Brown lulum, 

of plants 

non*saddled 

saddled 

non-saddled 

saddled 


39 

1 0 

0 

0 

]{?[(RRKK) 

34 

57 

0 

0 

0 

0 

0 

0 

1121 

.35 

0 

0 

0 

Total 

165 




861 

20 

14 

0 

0 

89 

27 

0 

0 

0 

92;(RRKk, 

20 

16 

0 

0 

100 

31 

5 

0 

0 

107' 

64 

20 

0 

0 

Total 

180 

64 



Expected (3 1) 

183 

61 



Dexiation 

3 

4-3 



Mean error 

6.76 

6.76 




|[l|xRrKK) 

loti) 

03 

53 

25 

21 

0 

0 

0 

0 

14 6 

16 0 

15 0 

0 0 

Total 

130 


54 

Expected (3 Ij 

138 


46 

Deviation 

S 


4 8 

Mean eiror 

5.88 


5.88 


82 


22 

P- 

4 

6 


87 


24 

12 

7 

*> 

88 


30 

8 

9 

4 

01 


26 

6 

8 

4 

05 

08 

(RrKk; 

36 

40 

12 

10 

15 

14 

5 

o 

00 


31 

0 

5 

« 

108 


22 

7 

4 

3 

113 


24 

9 

12 

6 

152 


20 

8 

5 

4 

Total 


275 

88 

85 

34 

Expected (0:3:3:1) 

271.125 

90.375 

90.376 

30.126 

Deviation 

+3.875 

2.375 

5.375 

+ 3.875 

Mean error 

10.80 

8.57 

8.57 

5.31 
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As a matter of course we can distinguish two kinds F. individuals 
bearing the seeds with black saddle. In genetic composition the one 
is Rrkk and the other is RRkk. Rrkk individuals can sometimes be 
detected at a glance from the RRkk, because the seeds of those 
plants (Rrkk) have often brown flecks scattered through the black 
area. In my reserch only the individuals with such a peculiarity wen* 
chosen for the examination of F s generation. Table 12, B does not 
contain, as a consequence, any data concerning the plants of the other 
type (RRkk). 


SUMMARY. 

1) The fasciation ol the stem is caused by single genetic factor 
which is recessive to the factor for non-fasciation. Some flowers on 
the fasciated individuals have two or more pistils. The pods produced 
on such a flower differ considerably from the normal ones. 

2) Parents and F| plants have normal green leaves. But concerning 
this point segregation occurs in F 2 in the ratio, 15 green: 1 chlorosis. 
This result was ascertained in the examination of F, generation. 

3) The purple flower colour is dominant to the white. 

1) The seeds of “ Keitomame ” have the brown hilum and no 
saddle pattern, and those of “ Kurakake ” have the black hilum and 
black saddle pattern. The seeds of F, plants arising from the cross 
between these two have the black hilum and no saddle pattern. In 
the F 2 generation the dihybrid ratio 9: 3: 3:1 was observed. 

In conclusion the writer wishes to express her cordial thanks to 
Prof. M. Tahaka for his kind suggestion and criticism throughout 
the course of this work. 
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EXPLANATION OF PLATE. 

Fig. 1. The both parents. X 1/5. 

Eig. 2 , The two left in above line, “ Keitomame ” The other two in the same 
line, “Kurdkake”. The two below F,. Xl. 

Fig. 3. Anomalous pods produced in Hovveis which have two pistils 1 






Rhizoidenentwicklung im Embryo von Cystophyllum. 


Von 

Sakuichi Okabe. 

(Biolo^ischos Institut dor Kaisorliohen TAhoku IJnivorsitSt, Sendai;. 

Die letzten Untersuchungen von Tahara iiber die Rhizoidenbildung 
bei der Embryogenese verschiedener Arten von Fucaceen haben neue, 
interessante Resultate gebracht. Betreffs der Rhizoidenbildung bei der 
Embryogenese von Cystophyllum sisymbrioides publizierte er schon 
vor sechzehn Jahren eine kurze Mitteilung. Dort sehreibt er: „The 
segmentation process in the rhizoid cell of this plant differs considerably 
from that above described; that is, in this plant before the rhizoid 
formation begins, the rhizoid cell is already divided into about 30 
small cells. Text-fig. 3 is the surface view of the rhizoidal portion 
of the sporeling and text-fig. 4 presents a median longitudinal section 
of the same. In the figure, we can see the two-storied arrangement, 
a state which is never found in Sargassum “ 

In diesem Friihling begab ich mich, auf Anraten von Herrn Prof. 
Dr. M. Tahara, nach Misaki zur Biologischen Station der Kaiserlichen 
Tokyo-Universitat und beobachtete eingehend die Kntwicklung der 
Rhizoiden dieser Alge. Am 17. Marz 1929 konnte ich an der Kiiste 
von Misaki zum ersten Mai die Oogonien von Cystophyllum sisym¬ 
brioides sich sehr iippig entleeren sehen. Dieses Material diente zu 
meiner Untersuchung. 

Wie Tahara schon bemerktc, sind simultan entleerte Oogonien 
von unzahligen, sich verwirrender Paraphysen an den Rezeptakeln 
befestigt. Vor der Zeit der Oogonienentleerung sind die Paraphysen 
noch kurz und bestehen aus einer Reihe von 11-15 Zellen. Im 
Moment der Oogonienentleerung verlangern sie sich sehr rasch ohne 
weitere Vermehrung der Zellen, durchbrechen vermoge ihres gewaltigen 
Drucks die Aussenwand des Konzeptakels und wachsen dann geradlinig 
langer und langer. Wenn die Oogonien aus den eben gebildeten 
Offnungen entleert werden, so verwirren sich die Paraphysen allmahlich, 
indem sie sich urn die Oogonien schlingen. 
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Bei der Keimcntwicklung wird die Oosphare zuerst durch eine 
Querwand in zwei beinahe gleiche Zellen geteilt, dann sondert sich 
eine linsenformigc, sogenannte Rhizoidzelle mit einer zweiten Wand, 
die mit der ersten parallel liiuft, an einem Ende des Embryos ab. 



Text-fig. 1. Cystophyllum sisymhrioides. 

a, FrUheres Stadium dor Keimcntwicklung. Die Rhizoidzelle ist an dem unter- 
sten Ende differenziert und schon durch die erste Wand geteilt. 
b p Ein spatcres Stadium, etwa acht Tage nach Oogonienentleerung. Die Rhi/.oiden 
sind gut ausgebildet. ca. X 160. 


Die Rhizoidzelle wird durch fiinfmal aufeinander folgende Zellteilung 
in 32 Zellen geteilt. Aber es ist fast unmoglich, die Einzelheiten der 
Rhizoidenbildung am lebenden Material zu verfolgen, weil die Rhizoid- 
zelle mit zahlreichen Kornern, die wahrscheinlich eine Art Ern’ahrungs- 
stoffe sind, erfiillt und sehr undurchsichtig ist. Deshalb habc ich 
gefarbte Mikrotomschnitte von ihr untersucht. Bis zur vierten Teilung 
der Rhizoidzelle stehen die Wande regelmassig immer auf einer der 
vorhergehenden Wande fast senkrecht. Text*fig. 2. a zeigt die Polan- 
sicht des 16zelligen Stadiums, wo die vierte Wandbildung eben 
vollendet und Text-fig. 2. b dasselbe Stadium in Langsschnitt. Die 
zentralen vier Zellen sind viel schmaler als die anderen. Die fiinfte 
Teilung geht so vor sich, dass jede der zentralen vier Zellen merk- 
wurdigerweise durch eine Querwand zwcistockig geteilt wird, wahrend 
die anderen, an der Peripherie liegenden zwolf Zellen ihre neue Wand 
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in dcr gleichen Weise wie in den vorhergehenden Teilungen sich schaffen. 
Text-fig. 2. d bietet die Polansicht eines Querschnitts des die fiinfte 
Teilung schon vollendet habenden Stadiums, wo 28 Zellen bemerkbar 
sind, aber im Langsschnitt kann man den zweistockigen Zustand gut 
erkennen (Text fig. 2. c). 



Te\t-fig. 2. Cystophyllurn sisymbrundcs. 

a, Querschnitt ties tbzelligen rhizoidalen Teils. b, Langsschnitt desselben Sta¬ 
diums. c, Langssehnitt des 32zelligen Stadiums. Der zweistockige Zustand 
ist zu sehen. d, Dasselbe Stadium im Querschnitt. e, Querschnitt des oberen 
Teils dor Rhizoiden im noch fortgesehrittenen Stadium, f, Dasselbe Stadium 
im Querschnit des unteren Teils. g, Dasselbe Stadium tm L&ngsschnitt. x320. 

Nach der fiinften Teilung verlangern sich, mit Ausnahme dcr vier 
oberen Zellen im zweistockigen Zustand, die 28 Zellen ohne weitere 
Zellteilung als Rhizoiden. Der Zustand des Embryos etwa acht Tage 
nach Oogonienentleerung ist in Text-fig. 1. b wiedergegeben. Die 
zentral liegenden Rhizoiden wachsen etwas schneller als die peripheren. 
In diesem Stadium wandert der Inhalt der Rhizoiden allmahlich zu 
ihrer Spitze. Wahrend die 28 Rhizoiden langer werden, vollzieht 
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sich in den vier oberen Zellen oine nochmalige Teilung, die mit dor 
Langsachse des Embryos parallel verlauft, und jede Zelle von ihnen 
verlangert sich als ein Rhizoid, indem sic? die Interzellularraume der 
benachbarten friiheren Rhizoiden durchlauft (Text-fig. 2. e, f and g). 

Etwa zxvei Wochen nach der Oogonienentleerung veranderen sich 
die untersten, an die inneren Rhizoiden angrenzenden Leibeszellen; 
diese Zellen werden namlich sehr plasmareich und verlangern sich 
allmahlich zu Rhizoiden (Text-fig. 3. a). 

In den oben beschriebenen Entwicklungsvorgangen der Rhizoiden 
kommen manchmal einige Unregelmassigkeiten vor, z. B. nach der 
fiinften Teilung tritt zuweilen eine nochmalige Teilung in den an der 
Peripherie liegenden Zellen auf (Te\t-fig. 2. o, unten, rechts). 



T«'\t-fiR. a, Cystophyllum stsymkrmidei. Langssrhmtt des Embryos im 
weit spaterem Stadium, wo einige* Rhizoiden \on den Leibeszellen gcbildet sind. 
b, »*, d und <\ Cystophyllum Turnert. Kinigt* Stadien der RhizoidenentwicUunR. 

Bei meinem Aufenthalt in Misaki konnte ich glucklicherweise auch 
einige Stadien der Rhizoidenentwicklung von Cystophyllum Turncri 
an auf die Kiiste getriebenem Material beobachteu. Text-fig. 3. d, e 
und c stimmen je mit Text-fig. 2. b, c und d tiberein. Text-fig. 3. e 
vergegenwartigt den zweistockigen Zustand auch deutlich. Obwohl 
ich die weitere Entwicklung der Rhizoiden dieser Alge nicht verfolgen 
konnte, vermute ich, dass die Entwicklungsvorgange wohl in der 
gleichen Weise wie bei Cystophyllum sisymbrioides vor sich gehen 
durften. Die Oogonien und Keimlinge von Cystophyllum Tumeri 
sind viel kleiner als die von Cystophyllum sisymbrioides . 
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An der Kiiste von Nordjapan wucherl eine andere Art von 
Cystophyllum , d. h. C. hakodatense. Ich werde bei nachster Golegen- 
heit diese Alge embryologisch studieren. 

Nach Taharas Untersuehungen, die neuerdings durchgefiihrt wurden, 
werden die Rhizoidzollen von Sargassum und Coccophora dureh drei 
aufeinander folgende Teilungen in acht Zellen geteilt, und in diesem 
Stadium beginnt die Rhizoidenbildung. Es ist eine interessante 
Tatsache, dass die dritten Wande bei Sargassum Homeri radial, 
dagegen bei Coccophora Ijangsdorfii auf den vorhergehendon ganz 
senkreeht gebildel werden. Also verlaufen bei der letzten Pllanze 
die Wandbildungen bis zur dritten Teilung ganz gleich mit Cystophyllum . 
Das Auftreten noch vielmaliger Teilungen der Rhizoidzelle bei Cysto¬ 
phyllum darf als Kennzeichen hoch differenzierter Organisation dieser 
Alge gelten. 

Zum Sehluss mdehte ich Herrn Prof. Dr. Naoiude Yatsu, Direktor 
der biologischen Station zu Misaki, und Herrn Prof. Dr. Masato 
Tahara meinen herzlichen Dank fur ihre freundliche Unterstiitzung 
aussprechen. 

den 25. September 1929. 
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On the Number of Ganglion Cells in the Suprapharyngeal 
Ganglion and in the XXX. Ventral Ganglion of the 
Earthworm, Pheretima megascolidioides 
(Goto and Hatai). 

By 

Hidkomi Tuge. 

(Institute of Biology, T6hoku Imperial University, Sendai). 


I. INTRODUCTION. 

In this investigation I tried to determine the number ol ganglion 
cells in the suprapharyngeal ganglion and also in the XXX. ventral 
ganglion of the earthworm. Pheretima megascolidioides (Goto and 
Hatai) (=Syn. Perichaeta megascolidioides). 

Ogawa (’28) in this Institute already determined the number of 
ventral ganglion cells in the three other species (P. communissima, P. 
hilgendorfi, P. vittata) of Pheretima, but the suprapharyngeal ganglion 
has not yet been examined. 

Imai (’28) also published anatomical studies on distribution of the 
nerves arising from the cerebral ganglion and the ventral nerve cord, 
but no observations were yet made concerning the number of ganglion 
cells contained in these ganglia. 

Since Pheretima megascolidioides is one of the largest earthworms 
measuring almost feet when fully extended (Hatai, ’24), and 
found commonly in Japan, and hence, owing to its larger body, this 
worm can be utilized for various physiological investigations, further 
data concerning the nervous organs seem highly desirable to possess. 

II. MATERIAL AND METHODS. 

The materials employed in the present investigation, were collected 
in the neighbourhood of the City of Imaharu in Shikoku. Of those 
specimens used for counting the ganglion cells the following body 
measurements were found: 
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No. of 

Body length in cm. 

Body weight 

■-pt'C'imens. 

(under anaesthesia) 

in g. 

(A) 

about 15 

7.4 

(B) 

about 19.5 

10.5 

(C) 

about 14.5 

6.4 

(D) 

about 18 

8.7 

All the earthworms 

were adult, and were also 

in normal healthy 


condition. 


The* specimens were fully narcotized in keeping those in 20% 
alcohol for about 6 hours and the body was opened along the median 
dorsal line of the anterior part (specimen (A) and (B)). The pharynx 
was removed so as to expose clearly the circumpharyngeal connective 
ring. The circumpharyngeal connective ring was then cut on both 
sides and the suprapharyngeal ganglion was finally removed from the 
surrounding and supporting tissues. 

The specimens, (C) and (D), were used for the purpose of enumera¬ 
tion of the number of ganglion cells in the XXX. segment. The 
reason for chosing the XXX. segment was firstly the relative simplicity 
of this segment with respect to the' presence or absence of various 
organs and secondly to compare the present results with the number 
of ganglion cells counted by Ogawa (’28) on this same segment of 
three other species. 

The ganglia were fixed in 80 % alcohol and paraffine sections were 
made according to the usual procedure. The serial sections 10 micra 
thick were made and stained in 1 % solution of toluidin blue in water, 
differentiated by anilin alcohol consisting of 1 vol. anilin and 9 vols 
absolute alcohol. 

Instead of counting the cell bodies directly, the cell nucleolus was 
recorded as was practiced by Hatai (’02) and by Ogawa (’28). All 
necessary precautions were taken in avoiding possible mistakes of 
counting twice the same cell, owing to the frequent presence of the 
two nucleoli in one cell body, and so forth. 

In fact I found 88 cases of presence of two nucleoli in the ganglion 
cells of specimen A and 68 cases in specimen B, while 41 cases in 
specimen C and 52 cases in specimen D, or on the average 0.8 % of 
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the number of ganglion cells in the case of the suprapharyngeal 
ganglion and 3 % in the case of the ventral ganglion. The latter 
ratio agrees entirely with that of Ogawa on the ventral ganglion cells 
of other species of Pheretima. 


•The connective tissue cells or glia cells which are abundantly 
found both at the margin and among the ganglion cells, may be 
easily distinguished from the ganglion cells from the following chara¬ 
cteristics. In the connective cells, the cell membranes are indistinct 
and the nuclei alone are distinct. The nuclei are either ellipsoid or 
round in shape, and in the latter case they are usually deeply stained 
as the nucleoli, while in the ganglion cells the cell membranes are 
distinct and the nuclei appear clear containing less chromatic granules. 
The ganglion cells are usually larger than the connective tissue cells. 

III. RESULTS OF THE ENUMERATION. 

(1) The number of ganglion cells in the XXX. segment. 


Specimen C 

Number of the serial sections. 76. 

Number of the ganglion cells. 1544. 

Specimen D 

Number of the serial sections. 57. 

Number of the ganglion cells. 1588. 


The number of ganglion cells in the XXX. segment is compared 
with that of the three other species of Pheretima (P. communissima y 
P. hilgendorfi , P. vittata) counted by Ogawa in the following table: 

Author j TufiE i Ocawa (’SJfi) 

Species | P. me gascolxdi<tides ' P. communissima , P. hilgendorfi \ P. vittata 

No. of ganglion i 1 

cells in the XXX. i 1600 I 120ft 1171 1141 

segment. j 1 j 


We clearly notice then that the number of ganglion cells in the 
XXX. segment of Pheretima megascolidioides is larger when compared 
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with the other Pheretima. An actual difference in the number of 
ganglion cells between the earthworm examined by me and the averages 
given by those species examined by Ogawa is 393 in favor of the 
former species. This difference of 393 ganglion cells is by no means 
large but since Ogawa’s work shows astonishingly smaller individual 
variations in the number of ganglion cells, we may be justified to 
conclude that Pheretima megascolidiaides possesses a larger number 
of ganglion cells in the XXX. segment when compared with the other 
three species under consideration. This difference appears to me due 
to the difference in the size of body of these worms. 

As the present species is perhaps the largest Pheretima in Japan, 
naturally the surface of the segment should be much greater than in 
other smaller bodied worms and as the consequence the former species 
would require relatively larger number of the nervous supply which 
in turn demands correspondingly larger number of ganglion cells. 

Findings of Ogawa that the presence of the prostate glands is 
associated with considerably larger number of ganglion cells in that 
segment when compared with the individual which belongs to the 
same species but happens to lack the prostate, seem to support the 
present view that normally the greater body surface would be associated 
with correspondingly greater number of ganglion cells and vice versa. 

(2) The number of ganglion cells in the supra pharyngeal ganglion . 


Specimen A 

Number of the serial sections. SO. 

Number of the ganglion cells. 9947. 

Specimen B 

Number of the serial sections. 121. 

Number of the ganglion cells. 11H 40. 


I ha\e also counted in one case, specimen H, the number of ganglion re jj s 
in the ganglionic thickening corresponding to the enteric nerve (See, Imai, Figs. 
1, 3), and found 757 in it. 


The number of ganglion cells in the suprapharyngeal ganglion was 
found to be 9949 and 11640 respectively or 10793 ganglion cells on 
the average. 
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From the work of Imai, the number of nerves arising from the 
ventral ganglion is 1 pairs while the number of nerves arising from 
the suprapharyngeal ganglion is 10 pairs. The number of ganglion 
cells in the ventral ganglion is 1566 on the average* while the number 
of ganglion cells in the suprapharyngeal ganglion is 1079**1 on the 
average. The ratio of the number of ganglion cells in the ventral 
ganglion with that in the suprapharyngeal ganglion is 1566 to 10793 
or 1:6. On the other hand between tin* number of nerves arising 
from the ventral ganglion and those arising from the suprapharyngeal 
ganglion is 1:10 or 1 :2,5. 

From the above we note that while the number of nerves Irom 
the latter exceeds 2.5 times that from the former, the number of 
ganglion cells in the former exceeds 6 times that of the latter showing 
that the suprapharyngeal ganglion contains relatively a much greater 
number of ganglion cells in the suprapharyngeal ganglion than in the 
ventral ganglion when compared with the relative increase of the nerves. 

Again we notice that in the ventral ganglion one pair of nerve is 
associated with 392 ganglion cells, while in the suprapharyngeal ganglion 
one pair of nerve is associated with 1079 ganglion cells, or in other 
words the pair of nerve* in the suprapharyngeal ganglion is associated 
with nearly 2.5 times more cells than the pair of nerve in the* ventral 
ganglion. 

Whether or not this excess of ganglion eells is represented chiefly 
by the ganglion cells which give rise to the association fibers or (his 
apparent excess merely indicates that each nerve involves more 
individual fibers in the suprapharyngeal ganglion than in the ventral 
ganglion, remains to be seen from the future investigation. 


The mean value of the si/e of the ten largest ganglion cells found 
in four consecuting sections in the suprapharangeal ganglion, I found 
27 miera in long axis, 18 micra in short axis while its nucleus gave 
12 micra in long axis. The; size of the smallest cell body was within 
8 micra in long axis, its nucleus was about 5 micra respectively. 
Similar determination in the ventral ganglion showed that the largest 
cell body measures 30 micra in long axis and 25 micra in short axis 
having the nucleus of about 15 micra in long axis. The smallest gave 
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the size of 7 micra in long axis and its nucleus was about 5 micra 
in long axis. 

According to Ogawa in Pheretima vittata , the larges ganglion cells 
have a dimeter of less than 18 micra and the nucleus of 12 micra, 
while the smallest have diameter more than 6 micra and the nucleus 
of 4 micra. These measurements of Ogawa thus differ considerably 
from these of mine. Whether this difference may be explained from 
also the difference of body size between the earthworms used, needs 
further investigation. 


IV. SUMMARY. 

(1) 10793 ganglion cells are found in the suprapharyngeal ganglion 
and 1566 ganglion cells in the XXX. ventral ganglion. 

(2) Significance of those numbers when compared with the number 
of ganglion cells found in the three other species of Pheretima by 
Ogawa, and with the distribution of the nerves arising from the 
suprapharyngeal ganglion studied by Imai, is discussed. 
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Effect of Anions in Chemical Stimulation in the 
Holothurian, Caudina chilensis (J. MOller). 1 ' 

By 

Toshihiko Yamanouchi. 

(Zoological Laboratory, College of Science, Kyoto Imperial University) 

I. INTRODUCTORY NOTE. 

It is well known that in the invertebrate animals cations are more 
effective than anions as chemical stimuli in neutral inorganic salts 
(Parker & Metcalf, 1906). In consequence of this, the proof of 
the differential stimulation of anions is generally more difficult than 
that of cations. In such case, the only method remaining for us is 
to increase the number of observations and to verify the experimental 
facts strictly, to determine whether they have a significance beyond 
the limit of errors. 

The effects of anions of inorganic salts have been hitherto studied 
in various animals: in Holothuria (Crozier 1915), in Ascidia (Hecht 

1918) in Allolobophora (Irwin 1918), in Chiton (Akey & Crozier 

1919) and in Chromodoris (Crozier & Arey 1919). The salts used 
as stimulants by those authors are all potassium salts, which are the 
strong irritating reagents for invertebrate animals. Recently Loeh 
(1924 pp. 15, 129) proposed an opinion which denied the existence of 
the well known HoFMEISTER’s lyotropic series, from his extensive works 
on colloid chemistry. But his conclusion was strongly opposed by 
some writers, for instance by Banctoit (1916, p. 340). 

At present it is a problem of the first importance in the physiology 
of reception to ascertain whether such lyotropic effect exists or not in 
chemoreception for inorganic salts. In my previous paper, I reported 
on the experiments concerning the chemical stimuli in Caudina chilensis 
to some detail, and also touched briefly on the effect of anions (1929 
pp. 94, 103). In this report the problem above mentioned is mainly 
discussed in the simplest case using the most common potassium salts. 

i) A contribution from the Marini* Biological Station, A'Kimushi, Aomori-Ken. 
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The investigation was carried on in July and August, 1928, at 
the Asamushi Hiological Station. 1 wish here to express my sincere 
thanks to Prof. Hatai for his kind direction and encouragement, and 
also to Assist. Prof. Kokubo and Assist. Tamiika for their kind 
friendship throughout the course of the investigation. 

It. METHOD. 

Caudina is a Holothurian which dwells in the sand of the sea 
bottom near the station. The animals used in this experiment were 
all adult individuals of medium body si/e. The young or extremely 
old ones were avoided as material for experiment (compare Yamanouchi 
1929, Table 21). The animal was collected just before the experiment, 
and was placed on a cloth spread over the edge of a glass jar of 
about 2 litre* content. Only the portion to be stimulated was exposed 
to the air by the adjustment of the cloth, and after the stimulation 
it was immediately lowered into sea water. 

Stimulation was effected by a local application of about half a 
c.cm. of the solution upon the middle region of the trunk (we distin¬ 
guish the animal into two parts, the anterior bulky part which is 
called the trunk and the remainder posterior slender part which is 
called the tail). The animal responded to this local stimulus with 
the local stimulus with the local contraction of the muscles of the 
region stimulated (objectively the local depression of that part). 

The interval between successive* stimulations was about three minutes. 
The appearance of the body surface was always observed with care, 
and successive stimulation was continued only when the part previously 


No. of 

KCl 

KoSO, 

KNO * 

KBr 

Kl 

•speciment 

0.2 m 

0.1 M 

0.2 m 

0.2m 

0.2 m 

21 

1 

«> 

3 

4 

5 

22 

5 


o 

3 

4 

25 

4 

r> 

1 


3 

26 

o 

• » 

4 

5 

1 


27 

♦> 

o 

4 

r> 

1 

28 

5 

4 

ft 

*> 

1 

20 

4 


M 

l 

5 

30 

3 

O 

1 

5 

4 

3J 

u 

1 

5 

4 

o 

»> 

32 

1 

r> 

4 

3 

2 


and so on. 
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stimlated regained its normal appearance after the stimulation. The 
part once stimulated was avoided in further stimulation. As a measure 
for the stimulating power of various reagents, the reaction time was 
measured with a stop watch. The order of reagent in stimulation 
was changed for each animal as in the above manner (the number is 
the order of stimulation). 

Chemicals used were of following preparations; 
hydrochloric acid (Merck’s reagent), glycocoll (Kahlbaum, for enzymatic 
study), sodium chloride (Kahlbaum, for analysis), potassium chloride 
(Kahlbaum, for analysis with garant table), sulphates nitrate, bromide 
and iodide of potassium (Merk’s extra pure crystal). 

Caudina is reactive to more highly hypertonic solutions than its 
environment, but not reactive to hypotonic solutions, including distilled 
water (Yamanouchi 1929 p. 91). So it goes without saying that the 
solution used in these' experiments gave no osmotic stimuli to the* animal. 

III. EFFECT OF NON-IONI7E1) MOLECULES 

In comparing the stimulating effect of electrolytes, the most im¬ 
portant factor is the concentration of ions. The non-ionized part, 
however, must not be omitted from consideration. Crozikk (1916) 
pointed out the presence of the potentially ionizable hydrogen within 
undissociated acid molecules. For the purpose of comparing the effect 
of the non-ionized part, the same kind of buffer solution is to be com¬ 
pared as adopted by Harvey (1920). 

In Caudina it was shown that the weaker acid or alkali is more 
effective as a stimulant than the stronger one when they contain 
approximately equal hydrogen ions (1929, pp. 96-97). In the summer 
of 1928, acid stimulation was reexamined, using Sorensen’s hydrochloric 
acid and glycocoll mixture. The mixture was prepared by mixing 
97.dc.cm. of 0.1 normal HC1 solution with 102.6 c.cm. of 0.1 molar 
glycocoll and NaCI solution. This mixture had pH value of 2.1 at 
25°C. (I thank Mr. Kokayakhi for his kindness in measuring the pH 
value elcctrometrically by chinhydron-elcctmdt*). This was diluted with 
distilled water and the ranges having equal hydrogen ion concentration 
were sought by a colorimetric method (as an indicator thymol blue 
after Clark was used), for glycocoll mixture 
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Thus 


pH 


dilution 


pH 

2.1 


10 

10 




2.1 


8 

10 


< 

2.2 

2.1 

< 

7 

~i(T 

1 

10 


2.2 

2.1 

< 

3 

10 



2.2 

acid 





2.1 

= 

0.01 

N 


2.2 

2.1 

<L 

0.009 

N 

< 

2.2 

2.1 

< 

0.008 

N 

<r 

2.2 

2.1 

< 

0.007 

N 


2.2 

ire 

diluted to 

l 

10 


7 

10 


— and 0.008 N HC1 


solution were prepared to have pH value. 2.15±0.05 at 25°C. 


Tablk 1. 

Kffett of Hydrogen ions. 

Fixe solutions arc of equal pH value, 2.15 ±0.05 at 25°C. 


Reaction time in "second 
HCl-glvcocoll mixture, diluted to 



H(’l 

4 

5 

5 

7 


0.008 NO 


10 




10 

10 

10 

Total acid 

0.CC8 N 

0.0115 N 

0.0244 N 

0.0202 N 

0.0341 N 

Ranges 

, 1.0-3.8 

2.0-3.5 

1.8-2 It 

1.7-2 » 

1.4-2.9 

Means-J 

2.58 

2.50 j 

2.37 

2.26 

2.18 

±0.Cf9 

±0.150 

±0.042 

±0.051 

±0.070 

Standard deviation') 

0.445 

0.400 

0.282 

0.402 

0.466 

(S.I).) 

, ±0.049 

±0.043 | 

±0.080 . 

±0.04.7 

±0.050 


Temperature ( t) in °C j 23.5—25.5 


Number of animal 20 

1) N denotes a normal solution. 

S. D. 

2) The probable error of the mean is calculated from 0.6745* —>’«=-?— 

^ n 

3) The standard deviation and its probable error are calculated from 

y ±0.0745* ’ w ^ ere n * s number of observation and S(trO 

is the sum of the square of the residual. 
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For each animal five successive stimulations were accomplished, and 
the results are summerised in Table 1. It is clear that the non-ionized 
part of the acid molecules exerts an additional effect in stimulation. 
In Harvey’s study (1920) the intensity of taste was emploeyd as a 
criterion for comparison. The reaction times and the magnitude of 
reaction are intimately related as indicated by the effect of dilution 

in chemical stimulation (Yamanouchi 1929, p. 99). The conclusion 

of Harvey is correct when the reaction times are employed as a 
criterion for stimulating effect. 

III. STIMULATION BY KCL SOLUTION 

The arithmetic means of reaction time are usually employed as a 
criterion for the differential sensitivity of animal to various stimulants. 
The determination of the limit of difference from which different 
stimulants are put into the order, is the most important thing, hut it 
is at the same time a matter in which the author may be utterly 

arbitrary, if he has no grounds for determining the limit. 

In Table 2 reaction times obtained from 26 animals are listed. 
The mean values show apparently as a whole a gradual increase in 
successive stimulation. 


Table 2. 


Successive stimulation by 0.2 mU KCI solution. For each animal 



fi\e successive stimulations 
Number of animal is 26. 

(1— V) are 

made at 

3 minute 

intervals. 

Date 

Aur. 

i 

t ■ No.*; 

l 

Reaction lime 

II III 

in second 

IV 

V 

15 

: 27 41 

2.2 

2.1 

2.1 

2.2 

2.3 


42 

1.8 

2 2 

2 2 

2.0 

US 


! 4a 

2.0 

*> o 

<> o 

US 

1 .s 


: 44 

1.6 

US 

US 

1.0 

2.0 


- i 45 

2.0 

2.0 

l.s 

2.0 

1.0 


46 

2..*> 

2.6 

2.0 

2.2 

o o 


47 

SL6 | 

2.4 

! 2*4 

2.4 

2.4 


: 48 

2.5 

2.4 

» o o 

2.s 

»> o 


1 49 

2.6 

2.7 

5 

2.4 

2.5 


. i 60 

2.6 

2.8 

: 2.6 

2.6 

3.0 


i _ _l 


1) M is a molar solution. 

2) No. is the number of specimen. 
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j 


Reaction time in second 


Aug? 1 ' Na 

1 1 

["' 1 

11 

III 

IV 

V 

IS 25 51 

! 2.4 

2.0 

2.2 

2.0 

2.1 

52 

2.0 

»> o 

2.1 

2.0 

1.9 

! 1 53 j 

1.7 

SL0 

1.8 

2.2 

2.0 

54 | 

1.6 

1.6 

1.7 

1 !c» 

1.8 

i hf> ; 

1.8 

l.S 

2.0 

2.0 

1.8 

- 55 

' 1 .8 

1.9 

1.9 

1.7 

1.8 

57 

i 1.8 

1.9 

2.1 

2.0 

1.7 

! 58 i 

I 1.9 

1.8 

2.0 

2.1 

1.8 

111 2a. 5 1 59 

2.2 

2.4 

1 2.2 

2.3 

2.2 

1 60 

1 2-1 

1.9 

2.0 

1.8 

1.8 

i til 

; 2.6 

2.6 

O r. 

2.3 

2.4 

. 02 

2.8 

2.S 

±4 

2.6 

2.5 

30 25.5 112 

2.2 

1.9 

2.1 

2.0 

1.9 

1 ll a 

1 l’.S 

i 2.0 

2.0 

1.8 

2.0 

1 114 

1 o O 

2.0 ! 

2.0 

1.8 

2.0 

> 115 

n \ 

O (\ 1 

1 1 

2.0 i 

1 

2.0 

2.0 

Ranges 

1.6-2.8 

\ 

l. 8-2.0 

1 

! 1.6-2.0 

1.7-3.0 

Means 

2.11 

2.15 

2.10 

! 2.10 

2.07 

±0.017 

+ 0.045 

±o.o.to ! 

| ±0.039 

±0.040 


o.:r>2 ! 

0.342 

0.224 J 

| 0.295 

(>.:504 

S. U 

± 0.033 | 

± 0.033 

; ±0.021 

4“ 0.028 

i 

±0.0211 


So it becomes necessary to rearrange the reaction times and then 
to calculate the mean values from the new table for the purpose 
of eliminating the* after effects due to the former stimulus. Table 3, 
rearranged in the same manner as described in Method 11, shows no 
such effect among the means. 


Table 3. 

Successive stimulation by 0.2 m KC1 solution (continued). He* 
<ii ranged from the data given in the Table 2. The method of rearrange¬ 
ment is explained in the text. The letteis a — e merely designate the 
* olumns 




Reaction 

times in 

seconds 



a 

b 

c 

d 

1 

Ranges 

1.7-2.7 

i.r-s.o 

1.7-2.8 

1.0-2.6 

| 1.0-2.8 

Means 

2.12 

2.19 

2.12 

2.08 

! 2.12 

0.038 

0.040 

0.035 

0.038 

j 0.043 

S.L). 

0.285 

0.SB1 

0.272 

0.288 

j 0.324 

0.027 

0.033 

0.025 

! 0.027 

0.030 
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The difference between the largest and the smallest means are (taking 
the case of the maximal probable error) 

(2.12 + 0.046) - (2.08- 0.046)=2.166 - 2.034 - 0.182, 
or there is a difference of i 0.066 second on both sides of the mean. 
From this, the apparent activation by successive stimulation shown in 
Table 2 seems to be not a decisive one. 

Irwin (1918) reported the initial acceleration on successive stimula¬ 
tion of the earthworm by 0.1 M KC1 solution. In Irwin’s experiment, 
the same portion was successively stimulated. In Caudina the portion 
stimulated was renewed in each stimulation. Therefore' the absence 
of the initial acceleration is rather natural. 

Table 1. 

Successive stimulation by 0.2 m KC1 solution (continued). Moans 
and standard deviations an* calculated for f»ach animat from tho reaction 
time given in tho Table* 2. 


No. 

Ranges 

Moans 

S.I) 

41 

! 2.1-2.:: 

2.18 + 0.025 

0.084 + 0.018 

42 

1.8-2.2 

2.00 + 0. COO 

o.uxi±o.o4;: 

43 

1.8-2.2 

2.00 ±0.060 

0.200 + 0.043 

44 

1.0 2.0 

1.82+0.045 

0.148 + 0.032 

45 

1.8-2.0 

1.'.>4+0.(127 

0. (+9+0.019 

4b 

2.0-2.0 

2.20+0. C00 

<>.211>±0.(M7 

47 

2.4 2.0 

2.44+0.027 

0.0«S9±0.019 

48 

2 2-2.8 

2.42 ±0.074 

0.249 ±0.053* 

49 

2.4-2.7 

2.54 + 0.032 

0.114±0.(>24 

50 

2.G-3.0 

2.72 + 0.054 

0.179 ±0.038 

51 

2.0-2.4 

2.14+0.(51 

0.107 + 0.030 

52 

1.9- 2.2 

2.04+0.034 

0.114+0.024 

53 

1.7-2.2 

l .'.>4±0. ('('•:( 

0.207+0.044 

54 

1.0-l.S 

1.00 ±0.027 

0.089 + 0.019 

55 

1.8 -2.0 

1.88+0.033 

0.110+0.023 

50 

1.7-1.9 

| l.S2±0.025 

0.(84 + 0.018 

57 

1.7-2.I 

1 1.90+0.04s 

0.158 + 0.034 

5S 

1.8-2.1 

j 1.92 + 0.039 

0.130 + 0.028 

50 

2.2-2.4 

2.28 ±0.025 

i 0.084 + 0.018 

60 

l.H-2.1 

1.92 ±0.039 

j 0.130 ±0.028 

01 

2.3-2.0 

2.42 ±0.040 

' 0.152± 0.032 

02 

2.4-2.8 

2.02 ±0.054 

1 0.179 ±0.038 

112 

1.9-2.2 

2.02+0.039 

, 0.130 ±0.028 

m 

1.8-2.0 

1.92 ±0.033 

0.110±0.023 

114 

1.8-2.0 

2.00 ±0.043 

1 0.141 ±0.030 

115 

1.8-2.0 

L_ 

1.90±0.0°: 

0.089 ±0.019 

Total* 

1.0-3.0 

2.11±0.017 

I 0.290±0.012 


* Moans and S. D. for tho total aro calculated from 130 total measurement*. 
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The standard deviation (S. D.) in Table 4 is calculated for each 
animal from five reaction times. This is a measure for the error of 
single observation for each animal. No. 46 and 48 give extraordinarily 
large S. D., which seems to be due to a mistake of the observer. 
The S. D. given in each column in Tables 1 ~ 7 (excepting 4) includes 
two factors, that is, the error for each measurement as indicated in 
S. 1). of the Table 2 and the degree of individual difference. 

From the Tables 2 and 3, it is clear that by the same stimulant 
approximately equal reaction times are obtained. In other words, by 
the same concentration of ions, the same effect is expected. Increasing 
the concentration of the solution, the concentration of ions are increased, 
and the reaction times decreased thereby (Table 5). 

Table 5. 

Effect of concentration of KCI solution. 


Reaction time in second 



! 0.18m 

, 0.19 m 

0.20 m 

. 0.21m . 

0.22 m 

Ranges 

1.0-4.4 

l.C-3.9 

1 1.8-3.2 

, 1.63.0 

1.4-3.0 

Means 

2.77 

2.50 

2.35 

1 2.24 

2.17 

! ±0.095 

±0.085 

±O.OG4 

! ±0.C58 

±0.058 

S. D. 

0.C33 

0.503 

0.422 

I 0.387 

0.387 

±O.C(58 

±0.060 

±0.045 

j ±0-041 

I ±0.041 

t 



24.5-27.5 



Number of animal 

20 


IV. EFFECT OF ANIONS. 

The results obtained by five potassium salts in equivalent normal 
solution is given in the Table 6. In which, nitrate and sulphate, 
especially sulphate, are inferiorly effective compared with the other 
three halogen compounds. Iodide is the most effective. The threshold 
concentrations of these salts for chemical stimulation showed the same 
tendency (Yamouchi 1929, p. 93). However, sulphate and nitrate 
are known as less ionizable than the other halides. The true effect 
should be compared with the solutions containing equal concentration 
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of ions. According to the mordern theory concerning the dissociation 
of electrolytes, total dissociation occurs in aqueous solution of strong 
electrolytes. Even so, the most important point is the activity of ions. 


Table 6. 

Effect of anions of five potassium salts. 




Reaction time in 

second 



K( 1 

i KjSO, 

KNO; 

KBi 

Kl 


0.2m 

0.1 M 

1 

0.2m 

0.2 vi i 

0.2 m 

Ranges 

1.8-2.0 

I 2.4-3.4 ' 

2.0-2.8 

1.8-2.0 

1.8-2.6 

Means 

2.20 

I 2.95 

2.41 

2.28 I 

2.1fi 

±0.028 

] ±0.046 

±0.041 

: ±0.027 1 

±0.024 

S. I) 

0.261 

| 0.318 

0.2811 

0.258 

0.222 

' ±0.027 

±0.032 , 

±0.020 

±0.026 

±0.024 

/ 



25—27 



Number of animal 

i 


22 




From the data of stoichiometry and the electrolytic conductivity we 
know that in sulphate and nitrate the activity of ions is inferior to 
the other halides. To check this point, the concentration of these two 
salts should he raised to some extent. 

Table 7. 

Effect of anions of five potas^um salts 


Reaction time in second 


i 

i 

KOI 

0.2m 

K t SO t | 
0.126 m 

KNO, 
0.213 m 

KBr 

| 0.109m 

Kl 

0.197 m 

Ranges 

1.8-3.2 

1.9-8.2 

1 

i I.9-3.0 

, 

2.0-2.2 

1.0-2.8 

Means 

2.45 

±0.059 

2.51 

±0.049 

! 2 37 

±o!()43 

2.46 

±0.040 

2.22 

±0.041 

S. D. 

0.408 

±0.041 

0.337 

±0.034 

0.299 

±0.030 

0.240 

±0.025 

0.285 

±0.020 

/ 



25—27 




Number of animal | 
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At present we do not practically know an exact method of pre¬ 
paring the solutions in which the number of the activated ions can 
be kept constant in these potassium salts. The lack of an appropriate 
method forced mo to adopt the following procedure: ~ - from the data 
on the equivalent conductivity at 18°C (given in Landolt-Bernstein’s 
Tabellen, excepting the column ’AKsSO,) the dissociation degrees are 
calculated, and inverse-proportionally to this, the concentrations of the 
five potassium compounds in the Table 7 were calculated, such that 



1 KC1 

KBr 

KI 

| KNO, 

1 V 2 KjS0 4 0) 

equivalent f 0 

130.1 j 

132.:; 

131.1 

120.5 

133.0 

conductivity \ 0.2 m 

107.96 | 

110.4 

110.600 

98.74 

S7.7 

i 

degree of dissociation 

0.S.10 | 

0.834 

0.844 

0.781 

! 0.059 

reciprocal of the above 

1.206 | 

1.109 

1.186 

1.280 

! 1.517 

0.2 

" * 1.205 

0.2 | 

0.109 

0.197 

0.213 

i 0.252 

i 

i 


(1) Cited from Lkwis* System of Physical Chemistry Vol. I. 1921. 
2) Calculated by interpolation. 


From the Table 3, there is a probability that the difference in the 
mean reaction time reaches ±0.066 second when the number of 
observation is 26. This probable error must be increased when the 
number of observation is 22 as in the Tables 6 and 7. From the 
table given by Pearson (1914, p. 529) the ratio of the standard 
deviation in both cases becomes (S. D.) n~22/(S. D.) n~2fi = 1.0056. 

V' 

The probable error required is 10056 x ^ ^ x 0.066 =0.072. There¬ 
fore we should apply ±0.072 second in the cast' when the number 
is 22. 

Now we must adopt this new probable error, ±0.072 second, 
instead of that given in the Tables 6 and 7, as the former is more 
natural and also includes all the cases of the probable errors within 
its limit. If this assumption is correct, the stimulating effect among 
the five potassium salts in an equivalent molar solution (0.2 N) is in 
the following decreasing series, 

KI -KBr, KC1, KNO*>'/ 2 KSO A 

KI>KC1 . (a) 

Now the question arises as to the role of the non-ionized part of the 
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molecules (compare the Table t). In the "fable 7, the molar con¬ 
centration of KC1, KBr, KI are so close together that the effect due 
to the non-ionized molecules might he of the same order. On the 
contrary, the stimulating effect of KNO, and K^O, should be con¬ 
sidered somewhat postponed. From such consideration we have the 
following order among the solutions with approximately equal ionic 
concentration ("fable 7), 

Kl >KNO„ KC1, KBr >K,S0 4 

KI>K,SO, . U,) 

These series are analogous to the well known Hofmeistek’s lyotropic 
series (Hober 192b p. 221). 

Although these five potassium salts stand side by side in their 
stimulating effect, it is sure that among them some differences in the 
effect of stimulation exist beyond any probable' errors of the' experiment. 

V. DISCUSSION. 

The stimulating effect of potassium salts, when they are applied 
locally to certain invertebrate animals is summarised in the following 
table, 


Animal 

Method 

Concen¬ 

tration 

()rder 

Au t hoi 

l Inlot hun a 

1 reaction time 

1 0.1 N 

(T SO, 

Cro/ii it, 101 i» 

A India 

limiting con- 
i centration 


i>Br: a; NO. 

Hkihi, nns 

Allolobophora 

| reflex time 

0.1—0.a N 

C!\NO, 

Irwin. 1!*JS 

Chiton 

1 time occupied 
hy gill reaction 

j s n : 

CD NO^BC 1 

Ari-n & C'ro/ii'r, 
litl'J 

Chromodoris 

amplitude of 
| reaction 

: l N ; 

Cl — Hr--1 — NO", 

Cro/ii- r & Aiiky, 

two 

i'audina 

reaction time 

; °- 2 N 1 

l£Bi,Cl, NO .I; SO; 



In these cases, the reaction given by Chiton is much different from 
the other animals. In Chromodoris , four salts give an equal effect. 
But such a simple method as to observe directly the amplitude of 
reaction might not give a decisive result In Holothuria , Ascidia , 
Allolobophora , and Caudino , the orders are proportional to the degree 
of ionization of these salts. Then it becomes an urgently necessary 
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problem to accomplish the experiments with solution having equal 
concentration of ions. It is possible to presume the effect of anions 
from the data obtained from the solutions with equivalent molar 
concentration. Still in such a case it is a questionable problem how 
we can estimate the activity of ions of these salts. As we have at 
present no precise method for preparing such solutions which have 
equivalent ionic concentrations in these salts, I can not pretend that 
the method of preparing the solution given in Table 7 is an exactly 
appropriate one. However, the result given in the Table 7 seems to 
me to toll the actual role of the anions, more than that given in the 
Table (i. 

There shall be no question as to the fact that the chemical 
stimulation by inorganic salt is accomplished by the ions surrounding 
just the surface of receptor cells. In this case the first important 
factor for stimulation is the activity of ions. The other part of the 
ions which are not activated exert an additional effect in stimulation. 
The existence of the lyotropic effect concerning the stimulating effec¬ 
tiveness of potassium salts throws some light on the solution of the 
mechanism of chemical stimulation. But how the effect of anions is 
related is a problem which requires further study. 

VI. SUMMARY. 

1. The conclusion of Harvey as to the effect of the non-ionized 
part of the molecules concerning the human chemical sensation has 
been proved to be right in chemical stimulation of Catidina chilensis. 

2. Five salts of potassium are not equal in their effectiveness in 
chemical stimulation. They are arranged in the decreasing series in 
their strength in stimulation as follow 

in 0.2 N solution 

KI>KBr, KC1, KN0 8 > /,K,S0 4 

KUKC1 

in the solution approximately with equal ion concentration, 
KI*>KNO,. KC1, KBr^K s SO, 

KI>KtSO* 
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Carbon Dioxide Production in Relation to the Growth 
of Body of Earthworm, Pheretima communissima 
Goto et Hatai. 

By 

Teruhei Hino. 

(Biological Institute, TVShoku Imperial University, Sendai). 

INTRODUCTION. 

There is a great amount of literature concerning the growth of 
vertebrates, especially that on the mammals; but very little has been 
done on the growth of invertebrates, of which 1 may enumerate the 
following few representative researches: — Luciani and Lo Monaco 
(’97), Ostwald (’08), and Yagi (’26) on the growth of silk-worms, 
Straus (’ll) on honey-bee, and Eidman (’24) on Dixipj)us . 

So far as I am aware, no studies have been made on the growth 
of any annelids, and therefore, as the first step in furnishing much 
needed data on the growth of the body of this interesting group of 
invertebrates, the present research on the growth of the Japanese 
earthworm was undertaken. 

I wish to express my hearty thanks to Prof. S. Hatai for his 
valuable suggestions and criticism throughout this work, and to gratefully 
acknowledge the aid given me by the late Assist. Prof. K. Okazaki. 

material and method. 

Pheretima communissima , Goto et Hatai, which is very commonly 
found in Northern Japan, was used for the present investigation. As 
the first step the cocoons were collected during early spring and 
reared in the laboratory. Each cocoon was kept separately in a 
small glass tube which was filled with the soil where the cocoons 
were found. Out of the fifty cocoons seventeen were hatched out on 
the third of April, but only 12 young worms just hatched were kept 
for studying the growth phenomena. Newly hatched worms were 
transferred separately into a small glass dish (60 mm. in diameter 
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75 mm. in depth), which was filled to one-third of its entire depth 
with the soil from the glass tube. In order to prevent the escape of 
the worms from the dish and also to preserve the proper moisture, the 
soil was covered with water-plants or with clover. When the earth¬ 
worms had grown sufficiently large, about 60 mm. in length, they 
were transferred to a large dish (200 mm. in diameter 75 mm. in depth). 

The normal growth of the earthworms in the laboratory necessitates 
frequent change of soil in the dish with fresh soil from the field where 
the earthworms are living; and it is also necessary to keep the soil 
properly moistened. It was found that when the fallen clover leaves 
in the dish were half decomposed they were eaten by the earthworms. 
Immediately after hatching, the worms were weighed and the length 
measured, and this procedure was continued once every week throughout 
the entire course of the experiment. Before taking the measurements 
the worms were washed and the excess of water on the body surface 
was removed gently with filter paper. In the body weight is included 
the content of the alimentary tract. 

GROWTH OK EARTHWORM. 

In Table I are given the data on the growth of the Pheretima 
cammunissima which were raised in the laboratory. 

Table I. 




Average 


Diameter, 




No. of 

Average 

computed from 

Body surface 

Body surface 

Weeks 

speci¬ 

mens 

weight 

in 

grams. 

length 
in ram. 


(computed) 
(S~2rcrl) 
in sq. cm. 

computed 

(S-lO^wT) 





in mm. 



(III. 10. 

cocoon) 


0.036 





(IV. 3 
hatch out) 

6 

0.031 

29 

1.16 

1.04 

0.98 

1 


0.049 

41 

1.23 

1.68 

1.34 

2 


0.082 

46 

1.62 

2.16 

1.89 

3 


0.160 

64 

1.92 

3.39 

2.95 

4 


0.214 

1 61 

2.12 

4.05 

3.68 

5 

i 

0.322 

72 

2.34 

6.28 

4.70 

6 


0.492 

84 

2.72 

7.17 

6.23 

7 

1 

0.769 

97 

3.16 

9.64 

8.32 

8 

i 

i 0.876 

106 

3.24 

10.80 

9.15 

9 


0.910 

108 

3.28 

11.10 

9.39 
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Weeks 


10 

11 

12 

13 

14 

15 

16 

17 

18 


1 

Average 

weight 

in 

grams. 

i 

1 1 

Diameter, 



No. of j 
sped- | 
mens , 

1 Average 
length 
in mm. j 

i 

computed from 

<"/-:> 

. i 

Body surface 
(computed) 
(S =* 2?: rl) 
in sq. cm. 

Body surface 
computed 

(s=io f rw2') 



i 

in mm. 




0.952 

109 

3.34 

11.43 

9.68 


1.035 

i HI 

3.46 

12.06 

10.4 


1.635 

, 127 

4.06 

16.17 

13.9 


1.858 

1 132 

4.24 

1 17.57 

i 15.1 


2.021 

■ 138 

4.32 

I 18.61 

I 16.0 

| 

2.759 

: i52 

4.83 

j 22.78 

! 19.7 


3.600 

; 167 

6.18 

! 27.08 

i 23.0 


3.932 

| 167 

5.48 

1 28.73 

i 24.9 

l 

4.004 

! 167 

i 

5.62 

j 28.94 

| 26.2 


As is shown in Table I, the earthworm immediately after hatching 
shows on the average 29 mm. in length and 0.031 grams in body weight. 

Eighteen weeks after hatching the worm measures 167 mm. in length 
and 4.004 grams in body weight and is considered fully matured. 
During these 18 weeks the earthworms then showed an increase of 
(167-29)/18 mm. or 7.7 mm. in body length and (4.004-0.031)/l8 grams 
or 0.022 grams in body weight per week. 

In Fig. 1 the curves showing the growth of body in weight and 
in length with respect to their corresponding ages in weeks are given. 

The general features of these two curves resemble each other, 
indicating that a similar growth rate between these two characters is 
maintained up to 16 weeks. After 16 weeks no further noticeable 
increase is shown in length, though a slight continuation of increase 
is shown in weight. 

In growing animals it is a general rule that the rate of growth 
decreases with increasing age. The same tendency is also shown in 
the growth of the earthworms, though a considerable irregularity is 
noted in the later stage, as will be seen in Table II, which shows 
the values calculated from the data given in Table I, as well as in 
Fig. 3. The absolute amount of increment is also shown in Fig. 2 
for further reference. 

Considerable fluctuations which occur at a later period, or at about 
eleven weeks of age, are due to the sudden development of the 
clitellum and of the generative organs. However this sudden increment 
due to greater development of the reproductive organs is a temporary 
phenomenon of periodical nature, and thus cannot be considered in a 
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Fig. 2. Showing the absolute increment. 

-- a— a— Body weight. —•- • Body surface. 

— o—o— Body length. 



weeks 


Fig. 3. Showing the percentage of increment. 

-A a — Body weight. —•—•— Body surface. 

—r> o— Body length. 

strict sense as the growth of the body. If we therefore disregard 
this temporary increment due to the sexual cycle, the growth rate 
decreases regularly with the age of the earthworms as in other animals 
of which the growth was followed. Since the sudden development of 
the sex organ manifests itself chiefly by the increased weight owing 
to sudden accumulation of the formed gonads, and since the body 
length itself may not participate in such change, we should anticipate 
a less degree of fluctuation in the relative daily increment in the 
latter character. As is shown in Table II as well as in Fig. 3, we 
actually notice that our anticipation just stated in this regard is well 
realized, indicating that the greater variability at the later period was 
due to the accumulation of the sexual products. 


Body length in mm. 
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Table II. 


Weeks 

Increments of weight. 

Increments of length. 

Increments of surface. 

absolute in 
grams 

* J 

absolute in 
mm. 

!. 

% 

absolute in 
sq. cm. 

% 

0 

0.018 

68.2 

12 

60.6 

0.64 

61.9 

1 

0.083 

67.8 ! 

4 

9.7 

0.67 

36.0 

2 

0.078 

96.1 , 

9 

20.0 

1.24 

67.6 

3 

0.064 

33.7 : 

7 

12.9 

0.66 

18.9 

4 

0.108 

60.4 

11 

16.3 

1.23 

| 30.4 

5 

0.170 

62.9 

12 

16.6 

1.89 

I 28.2 

6 

0.267 

64.2 ' 

13 

16.5 

2.47 1 

34.2 

7 

0.117 

16.4 i 

9 

9.3 

1.16 

j 12.0 

8 

0.042 

4.6 

o 

1.9 

0.30 

2.8 

9' 

0.076 

8.6 

1 

0.9 

0.38 

3.0 

10 

0.08a 

8.7 

4 1 

3.7 ; 

0.68 

5.5 

11 

0.600 

68.0 

10 j 

14.4 1 

4.11 

33.9 

12 

0.223 

13.0 

6 

3.9 1 

1.40 

8.7 

13 

0.163 

8.0 , 

6 i 

4.5 j 

1.04 ! 

6.9 

14 

0.738 

30.6 

14 j 

10.0 

4.17 | 

24.4 

16 

0.747 

27.0 

16 1 

9.8 i 

4.30 

18.8 

16 

0.426 

12.1 

0 ! 

0.0 , 

1.66 

6.0 

17 

0.072 | 

i 

1.8 

o ! 

i 

o.o : 

! 

0.21 

0.7 


Thus far I have described the growth of body of the earthworms 
which were artificially raised in the laboratory under laboratory condi¬ 
tions, but it is a well known fact that the growth of the body is largely 
influenced by various external factors, such as an abundance of food, 
proper moisture, temperature, etc., and thus the growth rate as well 
as the general form of the growth curves obtained from the artificially 
raised worms may not be the same with worms grown naturally. In 
order to get some information regarding the growth of the earthworms 
which were grown under natural conditions, I have carried out the 
following test. From the chosen ground in the field where the cocoons 
were collected newly hatched worms were collected, and then twice 
every week worms were collected from the same ground, and the 
successive growth of the newly collected specimens was studied. 

The results of the measurements made on usually more than fifteen 
worms in each test are shown in Table V and in Fig. 1. As is clear 
from the curves, the growth of the earthworms collected from the 
field is much faster than of those reared in the laboratory. Indeed 
the former reach the full-grown stage at about 14 weeks instead of 
18 weeks, as in the latter specimens. The clitellum is also formed 
at an earlier period in the field grown earthworms than in the labora- 
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tory raised ones, though the final body weight at 14 weeks of the 
former is nearly the same as that at 18 weeks of the latter. The 
body lengths at these two respective ages are a little greater in the 
field grown than in the laboratory grown worms. 

We therefore conclude that the velocity of growth rate was more 
rapid in the earthworms grown naturally than those raised in the 
laboratory. 

This difference in the growth rate between the field and laboratory 
grown earthworms may depend upon the relative richness of nourishment 
as well as upon a more proper degree of moisture in the former than 
in the latter. 

We may say also that in earthworms the adequacy of nourishment 
not only accelerates the growth rate but also the period for attainment 
of sexual maturity. In other words, the better the nourishment the 
earlier is the period of maturity. The truth of this statement is well 
shown in Fig. 1 where the two growth curves are compared with 
each other. 

As was stated already, the growth of body in weight and in length 
differs slightly between the field and laboratory grown worms for a 
given same age, and the former reaches maturity in a shorter period 
than the latter, though the final maximal weights, as well as lengths, 
are nearly identical. 

The growth in length of these two groups of worms for a given 
same body weight shows that the general form of the curves are 
similar, though the field grown worms slightly surpass the length 
given by the laboratory grown worms (Fig. 4). Generally speaking, 
however, we may be justified in concluding that the character of growth 
is essentially the same in these two forms. We further wish to know 
whether the surface areas of these two forms of earthworm are also 
similar. In order to calculate the surface of the worms, the following 
assumption was made. Since the earthworm body is approximately 
cylindrical in shape, the formula: area of cylinder =2nrl was applied. 

In this formula we need to determine the diameter of cylinder or 
thickness of the body which was found from the following relation; 



whore r is radius, W is weight, l is length. 
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A preliminary test showed that the actual body weights expressed 
in grams were found to be approximately equal to the volume of water, 
expressed in number of c.c., which was displaced when the worms 
were placed in a narrow cylinder filled with water; for instance, 
6 grams in body weight displaced 6 c.c. of water, as will be seen 
from Table III. From this we may be justified to use the weight 
(HO instead of volume ( v) in the above formula for finding the value 
of r. As soon as the values of r were found, we can at once compute 
the body surface from the following formula; 

S~2nrl. 


Table III. 

Data of earthworms grown in the field. 


Body weight 

Body lenght 

Ratio of body weight 

Body volume in 

in grs. 

in mm. 

and body volume. 

rr., observed 

* 

0.114 

180 

1.02 ' 

6.0 

3.21.'! 

144 

! 1.19 

2.7 

1.784 

120 

1.16 

1.6 

1.695 

120 

i 1.12 

1.5 

1.104 

; ii4 

i 0.97 

1.2 

0.1)98 

! 105 

1 1.10 

0.9 

0.892 

100 

0.99 

0.9 

0.759 

! 90 

1.08 

0.7 

0.682 

: 76 

! 1.05 

0.0) 

0.217 

(59 

! 1.00 

0.3 

0.812 

m 

1.04 

0.8 

0.212 

0)0) 

1.56 

0.2 

Average 

i 

1.11 



The surface areas computed from the above formula of the forms 
of earthworms, field and laboratory grown, are given in Table I. 

We notice from Fig. 4. that not only the body weights and body 
lengths show close similarity to each other in the two forms of the 
earthworms, but that the body surfaces also are similar with respect 
to corresponding ages or to any given body weights. 

With living earthworms a direct determination of body surface is 
very difficult to perform, owing to the inconstancy of muscular contrac¬ 
tion, and therefore a much more uniform value may be better obtained 
from the formula, 


S~2nrl 
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Morgulis (15) has used the formula, W* , where S is the 

surface and k a constant factor and W body weight, in order to 
estimate the surface area in flounders. In that case the value of 
constant k was found to be 13.44. This value of k in flounders was 
found to be applicable equally well to estimate the surface area in 
other higher organisms. 

I have also applied the formula, S~k$' W~ for calculating the 
surface of the earthworms, but found that the formula, S—Znrl 
expresses it more satisfactorily than by using the formula, S—kfi' W 2 
for the same purpose. 


RESPIRATION. 

The quantitative relation which exists between the size of the 
surface area and an activity of the gaseous metabolism during the 
growing period of any annelids has not been studied. 

For this reason just stated the present research was carried out 
with a hope to determine the rate of carbon dioxide production with 
respect to the increasing body surface during growth in the earthworms. 
That the lower invertebrates, such as the earthworm, which lacks special 
respiratory organs, may be performing a gaseous change through the 
external body surface seems quite natural to assume. Combault (’09) 
presented his view that the external body surface of the earthworm 
may perform the chief respiratory function and based his hypothesis 
on the rich supply of blood vessels. 

There are several other more or less isolated observations on the 
carbon dioxide production in earthworms, but I regret to say that 
most of these data are too inadequate, and further additional data 
are urgently needed. 

The apparatus used to determine the carbon dioxide is one which 
was devised and described by Osterhout (*18). It may be briefly 
stated that the apparatus consists of a closed system of glass tubes 
in which air is circulated by means of a pump. 

In the present experiment the closed chamber of 120 cc. capacity 
was filled with 5cc. of aqueous solution of Brom thymol blue as the 
reagent, which was of course renewed in each experiment. 

A day-light lamp and white background were used in comparing 
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the unknown with the known standard indicators, which were prepared 
according to the method of Clark. The usual precautions, such as 
correction of temperature and barometric pressure, and standardizing 
of indicators by means of a potentiometer, were duly observed. 



Fig. 5. Showing the rate of carbon dioxide production in association with 
the increase of body weight. 

A. The rate of carbon dioxide production per individual per hour. 

B. The rate of carbon dioxide production per sq. cm. per hour. 
Observations from the worms having lighter body weight for age are plotted 

separately in order to indicate that the carbon dioxide production is more closely 
related with the body weight than with the age. 


Table IV. 


Relation between the quantity of carbon dioxide and corresponding pH values. 


Difference 
of pH 
• values. 

7.(Ml.8 
0.2 

0.3 

7.G-6.6 

0.4 

0.5 

7.0-6.4 
0.6 

0.7 

7.0-6.2L u ,7.0 6.0 
0.8 U ’ y 1.0 

1.1 

CO* per 
cent vol. 

0.018 

0.028 

0.040 

0.054 

0.071 

0.091 

; 

0.114 lo.t.19 0.167 

0.197 

in cc. 

! 

i 




< 

1 

1 . ! 


CO* per 
5cc. 

0.00090.0014 

0.0020 

0.0027 

0.00.16(0.0045' O.OO 67 L.OO 69 ! 0.0084 

0.0099 

w. in cc. 
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An attempt was made also to determine the quantity of carbon 
dioxide corresponding to any pH values by variously diluting the 
saturated solution of carbon dioxide which was prepared in the generator* 
The relation between carbon dioxide content and pH of color 
indicators, from which intermediate values were read off by interpolation, 
is shown in Table IV. 


Carbon dioxide production in earthworm . 

The rate of carbon dioxide production at different ages is shown 
in Table V. The absolute quantity of carbon dioxide eliminated per 
individual increases regularly and steadily with increasing age up to 
the time the clitellum appears, afterwards suddenly increasing, which 
however is soon followed by a steady decrease, as will be seen from 
Fig. 5. 


Table V. 


Days. 

Average 1 Average 
weight length 
in ers. 1 in mm. 

(S - 2 : rl) jAverage t^Average 

Body surfaee'per individual per sij. em. 
computed j per hour per hour 

Average C0 2 
per kilo 
per hour 

(IV. 3. cocoon) 

0.0204 


in sq. cm. 

in cc. 

o.ooou i 

in cc. 

in cc. 

14 

0.048 

40 

1.58 | 

0.00102 1 

0.0065 

20.9 

28 

0.258 

49 

4.72 ■ 

0.00690 1 

0.0146 l 

26.7 

42 

0.419 

80 

6.48 i 

0.00890 • 

0.0137 

23.0 

66 

0.822 ; 

106 i 

10.45 

0.01870 1 

0.0130 

16.6 

70 

1.944 

146 | 

18.88 

0.02440 

0.0129 | 

12.6 

08 (mature) 

3.775 | 

182 

29.37 j 

0.03790 

0.0129 j 

10.1 

10S 

3.826 1 

182 j 

29.60 ! 

0.03720 

0.0169 | 

12.5 

116 

3.906 

182 ! 

no.65 1 

0.05450 ■ 

0.0178 | 

13.6 

128 | 

3.926 

185 j 

no. 21 ! 

0.04600 ! 

0.0149 1 

11.5 

134 

3.918 ; 

185 1 

no. 21 i 

0.04200 ' 

0.0139 j 

10.7 

242 

5.060 1 

186 i 

i 

34.27 

0.02420 , 

0.0071 j 

4.8 


The rate of carbon dioxide production per unit 
of surface area . 

The relations of carbon dioxide production per unit of surface 
area are nearly constant during the growing period up to when the 
clitelluiu appear, while during the first two weeks after hatching it 
shows a steady increase. 

As soon as the clitellum appears and the reproductive system begins 
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to show greater development, the carbon dioxide production per unit 
area increases suddenly, which in turn decreases again till the end 
of the observation. 

Bounhiol (’02) found a similar relation with the 20 species of 
polychaeta in which the individuals with lighter body weight give a 
greater amount of carbon dioxide per unit weight than the individuals 
with heavier body weight. However, the earthworms differ from the 
polychaeta in one respect; that is, carbon dioxide production increases 
after the worms reach maturity, instead of showing a continuous 
decrease with increasing body weight, as was the case with younger 
actively growing earthworms. 



i-«_,-1--- 

0 50 1(0 160 2(H) 250 

Days 


Fig, 6. Showing the rate of carbon dioxide production per sq. cm per hour, 
in the anterior and in the posterior portions of the earthworm. 

A. Whole body. B. Anterior portion. C. Posterior portion. 

In oder to test whether or not the rapid development of all the 
sexual organs is responsible for the sudden increase of carbon dioxide 
after the appearance of the ditellum, the anterior portion of the 
worm, which contains practically all the reproductive organs, was 
compared with the posterior portion, which is devoid of those organs. 
It was found that the quantity of carbon dioxide given off by the 
anterior segments is far greater than that given by the posterior 
portion; while the posterior portion gives a similar amount of carbon 
dioxide to that given by the whole immature worm. 

This seems to indicate that the rapid increase of carbon dioxide 
which was mentioned above is related to the development of sexual 


organs. 
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This statement seems further supported by the observation made 
on the anterior segments of the two earthworms, in one of which 
the clitellum has just appeared, while in the other nearly two weeks 
has elapsed since its appearance. It was found that the former gives 
off a less amount of carbon dioxide than the latter, suggesting that 
the greater the development of the sexual organs the greater is its 
production of carbon dioxide; while the posterior segments of these 
two worms gave approximately the same amount of carbon dioxide 
as the whole immature worm. Table VI, and Fig. 6 illustrate the 
relations just mentioned. 


Table VI. 


No. of i 
observ. j 

1 

Parts. 

Segments. 

Weights 
in grs. 

Surface 
computed 
in sq. 
cm. 

to* out put 
per individual 
per hour in 
cc. 

CO* tut put 
per sq. cm. 
per hour in 
cc. 


fant. 

39 

1.701 

14.1 

0.027 

0.019 

1 1 

tpost. 

02 

1.961 

15.6 

0.020 

0.013 


rant. 

37 

1.462 

12.9 

0.027 

0.021 

1 

! 

'post. 

06 

1.278 

11.8 

0.014 

0.012 

i 

fant. 

33 

1.268 

11.7 

0.027 

0.023 

3 I 

i 

*post. 

73 

1.818 

14.9 

0.020 

0.0136 


fant. , 

34 

1.644 

13.3 

0.031 

0.024 

4 j 

i 

*post. 

49 

1.983 

16.7 

0.027 

0.017 

Average j 

fant. 

36 

1.494 

13.0 

0.028 

0 0216 

*post. 

63 

1.768 

14.6 

0.020 

0.0188 

’ i 


(Observation on 27th of July at 25°C.) 


1 

i 

fant. 

28 

1.293 

11.8 

0.020 

0.017 

tpost. 

73 

1.868 

16.1 

0.020 

0.018 

*> 

rant. 

37 

1.688 

14.2 

0.023 

0.016 


Ipost. 

64 

2.143 

16.6 

0.020 

0.012 

Average | 

<ant. 

as 

1.491 

13.0 

0.022 

o.oie; 

'post | 

69 

2.000 

15.9 

0.020 

0.0128 

; 


(Observation on 8th of August at 24°C.) 



The respiration of annelids has been studied by many workers; 
Combault (’09) considers that the skin of earthworms is the important 
organ of respiration, based on the fact that the epidermal layer is 
especially rich in blood capillaries; Williams found that the mucus 
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membrane of earthworms has great ability to absorb oxygen; Brandes 
(’ 07) and Stephenson (’13) consider that the wall of the intestine of 
earthworms, especially of polychaetous annelids, can also take part in 
respiration. Bounhiol (’02) found that in polychaetous annelids the 
rate of carbon dioxide production was greater in the smaller indivi¬ 
duals, as was noted in many other animals; as for instance by Child 
(’ 19) for the oxygen consumption of planaria, Allen (’19) for the 
carbon dioxide of planaria, Vernon (’95) for the oxygen consumption 
of hydromedusae. 

Rubner (’83) stated that the gaseous metabolism is proportional 
to the body surface and that per unit of area it is the same for all 
vertebrates. 

The theoretical basis for this generalization is the simple physical 
principle of radiation of heat which is proportional to the exposed 
surface. 

Since the metabolic processes are associated with the production 
of heat, the latter depending largely upon the rate of its dissipation 
to the outside environment, the metabolic processes must bear a direct 
relation to the surface. Putter stated against Rubner’s theory that 
the body surface has no relation to metabolic processes but that it is 
related to the area of the organs or tissues which are directly connected 
with the gaseous metabolism. Mokgitlis (’15) found that, while per 
unit of body weight oxygen consumption diminishes as the size of 
the flounder increases, the oxygen consumption per unit of body surface 
increases very regularly. In other words, the larger the flounder the 
larger its oxygen requirements per square cm. This obviously results 
from the direct dependence of the metabolic exchange upon the mass 
of the organism which grows more rapidly than the surface. In the 
Japanese earthworm, as has been shown in Fig. 7, the carbon dioxide 
production is essentially proportional to the body surface as Rubner 
stated. This very obviously results from the fact that the function 
of respiration is chiefly performed by the skin and it is natural then 
that the increase of carbon dioxide production must be associated 
with the body surface, differing from the flounder above mentioned 
or from other higher organisms which are provided with special 
respiratory organs. 

In the very early stage of life the rapid increase of the rate of 
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Fig. 7. Showing the rate of carbon dioxide production per individual per 
hour in association with the increase of body surface. 

Observation from the worms having smaller body surface for age are 
plotted separately in oder to indicate that the carbon dioxide production is more 
closely related with the body surface than with the age> 

carbon dioxide production which was noted was due to the fact that 
the development of capillaries during this early period soon after 
hatching was not yet completed, thus giving relatively a lesser degree 
of gaseous exchange. As soon as the vascularisation in the epidermal 
layer is completed the carbon dioxide production becomes the function 
of the area of the body surface, or in other words, the rate of carbon 
dioxide production per hour becomes constant, irrespective of the size 
of the earthworm. When, however, the sexual organs begin to develop 
rapidly, the rate of carbon dioxide production rises in conformity with 
the increase of metabolic rate. 

After passing through the active breeding period, all the sexual 
organs including all other tissues appear to enter the retrogressive 
state. 
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The rate of metabolism under such conditions would gradually 
diminish and give off a less amount of carbon dioxide per individual 
or per surface area than was actually found. 

SUMMARY. 

1. In Pheretima communissima , Goto et Hatai, which was hatched 
and raised in the laboratory, the clitellum appears about in 16 we^ks; 
while in those grown in a field it appears in 14 weeks. 

2. After the appearance of the clitellum the growth of the body 
length practically ceases but the body weight continues to grow, though 
slightly. 

3. In conformity with the other higher animals the growth rate 
decreases with increasing age, but this relation is much disturbed 
with the sudden increase of the sexual organs and products in the 
adult stage. 

4. The body surface of the earthworms may be estimated satis¬ 
factorily by the formula S~2xrl, and also the formula S=/f^ / W* , 
may be used, but its results are not as satisfactory as those of the 
former. 

5. The gaseous metabolism of the the earthworm bears a direct 
relation to the body surface, and the carbon dioxide production per 
sq. cm. per hour is constant during the greater part of the growing 
period. 

6. When the sexual organs begin to develop rapidly the rate of 
carbon dioxide production per sq. cm. per hour rises rapidly, but after 
cessation of the breeding period it again falls off steadily, parallel 
with the advance of the retrogressive process of these organs. 
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Physiological Studies on the Eel. 

1. The Seasonal Variation of the Blood Constituents. 


By 

Nobuyuki Kawamoto. 

(From the Physiological Laboratory of the Komine Institute, 
Nishigahara, Takinogawa, Tokyo, Japan). 


INTRODUCTION. 

Pearce (’25) stated that the chemical composition of certain fishes 
changed according to season. 

Hall, Gray and Lepkovisky (’26) found that the blood constituents 
of fishes show some alteration by asphyxation, and Schaefer (’27) 
reported the decrease in the number of blood corpuscles in fishes 
during winter. 

From these variations, above mentioned, in the bodily compositions 
we might anticipate a greater or less degree of alteration in the 
blood gases in fishes influenced by the seasons, but so far as I am 
aware no investigators except perhaps Hall (’28) paid much attention 
to this point. 

The present work was therefore undertaken to determine whether 
or not our anticipation as to the influence of seasonal variations to 
the blood constituents of eel would be realized. 

For this purpose a monthly determination was made, in the 
Physiological Laboratory of the Komine Institute, on the number and 
relative volume of corpuscles, viscosity, and content of iron and non¬ 
protein nitrogen in the blood. 

The author is greatly indebted to Dr. S. IIatai, Professor of 
Tohoku Imperial University, Dr. S. Komine, Director of the Komine 
Institute, and members of the Imperial Fisheries Institute for many 
helpful suggestions, and also wishes to express thanks to the Fish 
Cultural Company at Kawasaki, Kanagawa Prefecture, for kindly 
furnishing the necessary materials during the course of the present 
work. 
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MATERIALS AND METHODS. 

The eels (Anguilla japonica T. & S.) employed in this experiment 
were obtained always from the fish cultural pond at Kawasaki, Kana- 
gawa Prefecture, and the fishes were used within two hours after 
being brought into the laboratory. 

The blood was quickly collected from the heart by means of a 
hypodermic syringe by fixing the fish on a wooden plate. The blood 
was mixed with potassium oxalate in a dish to avoid both coagulation 
and evaporation. 

These experiments were extended from July, 1928 to June, 1929. 

Viscosity .. .Viscosity was determined by the Hess’s viscosimeter 
immediately after the blood was collected for it shows alteration 
quickly, as Lecomte Du NoOy has noted (’ 28 ). 

Corpuscles. .. .The number of red corpuscles per c.mm. was 
enumerated with Thoma-Zeiss’s haemocytometer by diluting the blood 
with 0.85 per cent, salt solution. 

Relative volume of corpuscles ... .The relative volume of corpuscles 
and plasma were determined by means of the haematocrite which 
was revolved for forty minutes at the rate of about 3,500 r. p. m. 

Non-protein nitrogen .... mg. of non-protein nitrogen per 100 cc. 
of the blood was determined by the Bang’s method (’20) by using 
0.25 cc. in each test. 

Iron., mg. of Fe per 100cc. of the blood was determined by 
Pincussen method (’28) from 0.2 cc. blood in each test. 

All the above determinations were carried out on the eels of 
approximately the same body weight of about 150 gms. 

To determine whether or not the number of red corpuscles 
regularly varies according to the size, I examined eels with body-weights 
from 0.78 to 170.00 gms. at the Toyohashi Fish Cultural Station of 
Imperial Fisheries Institute in the middle of July, 1929. 

RESULTS. 

Five eels of approximately the same weight were examined each 
month. 

Average of five analyses taken from each eel is given in Table I. 
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table i. 

Average results of blood constituents examined monthly. 


Date 

Body 

weight 

gm. 

Body 

length 

mm. 

No. corpuscles 
in 1 cram. 

Relative 

Volume 

% 

Viscosity* 

Fc-content 
mg in 
100 cc. 

Non¬ 
protein N 
mg in 

100 cc. 

bsh 

227.6 

696 

2,080,000 

27.0 

— 

31.1 

57.7 


1 C6.0 

427 

2,901,000 

31.0 

3.50 

28.2 

125.6 


120.0 

440 

2,880,000 

27.5 

3.46 

29.5 

78.0 

Oct. 10. 

142.5 

448 

2,461,000 

26.7 

3.18 

26.0 

62.9 

Nov. 20. 

166.0 

465 

2,176,000 

27.2 

2.98 

25.8 

41.0 

Dec. 11. 

103.0 

486 

2,960,000 

28.8 

3.40 

37.1 

36.8 

Jan. 16. 

138.0 

429 

2,670,000 

33.5 

3.67 

32.6 

34.0 

Feb. 14. 

174.0 

495 

2,490,000 

29.7 

3.20 

30.2 

26.3 

Mar. 3. 

201.0 

686 

2 ,210,000 

24.0 

2.97 

31.4 

38.8 

April 9. 

117.6 

428 

2,030,000 

25.0 

3.27 

31.6 

46.0 

May 14. 

128.0 

440 

2.180,000 

25.9 

3.33 

33.9 

35.7 

June 17. 

184.0 

485 

2,370,000 

27.4 

3.36 

32.4 

44.6 


* temperatures between 14—18°C. 


The temperatures of pond water and of the atmosphere were 
taken at noon daily except in the winter and these are shown in 
Table II, and graphic presentation in Figs. 1 and 2. 


TABLE II. 

Average temperatures of the pond water and atmosphere. 


Date 

Tcmpe: 

Atmosphere 

ratures 

Water 




1928 

°C 

°c 

July 

25.0 

26.3 

Aug. 

26.8 

26.9 

Sep. 

27.4 

27.2 

Oct. 

20.2 

19.1 

Nov. 

15.9 

13.2 

Dec. 

9.2 

6.7 

1929 

Jan. 16. 

14.6* 

7.6* 

Feb. 14. 

7.3* 

5.0* 

Mar. 3. 

13.6* 

12 .6* 

April 

18.3 

16.6 

May 

16.7 

j 18.7 

June 

24.2 

1 23.6 


* temperatures at the day when eels were examined. 
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Fig. 2. Showing the seasonal variation of relative volume, number of corpuscles, viscosity and iron content. 
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In Table III are shown the relation between the number of red 
corpuscles and weights of the eels, dividing them into smaller, medium, 
and larger groups. The enumeration of red corpuscles was made 
soon after the eels were captured from the pond. 

TABLE III. 

Relation between the number of red corpuscles and measurements of eels. 


Group 

Body length 

Body weight 

No. of red corpuscles 

mm. 

gm. 

in 1 cmm. 


08 

0.78 

2,708,POO 


IPS 

1.09 

2,984, POO 

smaller 

105 

0.79 

3, (PC, <00 

100 

1.12 

2,804,000 


111 

1.25 

2,648,000 


Average .. 


.2.855.000 


263 

22. P0 

| 2,364,000 


821 

30.50 

| 2,464,000 


340 

00.50 

S 2,576, COO 

medium 

300 

1P4.50 

2,328,000 


370 

87.50 

! 3,128,000 


Average .. 


.2,572,100 


412 

03.00 

: 2,04$, 000 


412 i 

i lC5.ro 

, 2,620. POO 


420 

170.00 

2 ,012,000 

larger 

435 

101.00 

2,224, COO 


441 

162.P0 

2,712,000 


Average • . 


.2,646,0u0 


The data given above show clearly the seasonal variations in blood 
constituents of eels, as will also be seen from Figs. 1 and 2. 

The variations of blood constituents indicate the two types, (1) the 
non-protein nitrogen increases in summer and decreases in winter 
coinciding approximately with respective rise and fall of temperature 
of water and atmosphere (sec Fig. 1). On the other hand (2) the 
number, relative volume, viscosity and iron content of the red blood 
corpuscles show conspicuous increase as soon as hibernation begins and 
decrease as it approches its end (see Fig. 2). 

DISCUSSION. 

Table III shows that the number of red corpuscles presents little 
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variation in all the specimens examined, despite the fact of greater 
differences in body weights; and on the other hand the eel blood 
indicates true variation according to the seasons. Since the variation 
arising from the body sizes are insignificant, we may be able to 
eliminate the individual variations if the eels of approximately the 
same weights were used. 

Audige (’21) reported in his paper that the growth rate of fishes 
runs parallel with water temperature, and I have also noted an increase 
of non-protein nitrogen which runs parallel with the rise of tempera¬ 
tures (Fig. 1). 

From these coincidences between the body growth on one hand 
and increase of non-protein nitrotein on the other, it seems as though 
the increase of the latter in the blood of eel can be taken as an 
index of increasing metabolic activity. 

This assumption seems further supported by the fact that the 
non-protein nitrogen is minimum and is almost constant in winter, 
where the metabolic activity is almost at a standstill due to the 
natural starvation resulting from hibernation which last from the 
middle of November to the end of March of the next year, during 
which period the growth rate is least. 

Schaefer (’26) reported in his paper that the number of red 
corpuscles in “ pumpkinseed ”, Eupomotis gibbosus L. decreased during 
winter but returned to normal in spring, and in my own present 
experiment similar phenomenon is observed (see Table I, column 4) 
through it shows slight increase in the beginning of hibernation. 
However this increase in the number of red corpuscles at the beinning 
of hibernation seems to indicate that the water of the blood is perphaps 
absorbed into the body tissue, thus resulting in apparent increase of 
corpuscles. 

During fasting the tissue becomes acidic and absorbs more water, 
in other words the loss of water gives rise to greater concentration 
of the blood which in turn would produce greater concentration of 
blood corpuscles in the given same volume. 

This abnormal absorption of water during fasting must be of a 
reversible character since the number of red corpuscles becomes less 
again as soon as the hibernation or fasting period comes to an end. 

- Relative volume of corpuscles and iron content runs parallel with 
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the change of the number of red corpuscles, and the viscosity as 
Mathews ('24) stated, is also a function of the number of corpuscles, 
all of which are seen clearly from my own present work (Table 
I, and Fig. 2). 


SUMMARY. 

1. The seasonal variation is indicated by the changes in constituents 
of the blood of eels. 

2. Non-protein nitrogen in the blood may be taken as an index of 
metabolic activity. 

3. Relative volume, number of corpuscles, viscosity and iron content 
gradually decrease during winter till these begin to rise considerably 
in the beginning of hibernation but decrease again in the spring. 

5. It was suggested from the present study that such seasonal 
variation of the blood constituents may be partly responsible for 
the variations of blood gases noted by other investigators. 
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Physiological Studies on the Eel. 

II. The Influence of Temperature and of the Relative 
Volumes of the Red Corpuscles and Plasma upon 
the Haemoglobin Dissociation Curve. 

By 

Nobuyuki Kawamoto. 

(From the Physiological Laboratory of the Komine Institute, 

Nishigaharu, Takinogawa, Tokyo, Japan). 

CONTENTS. 

Materials used and technique employed. 

Experiments. 

1. On the hydrogen ion concentration of the blood during starvation. 

2. On the variation of the relative volume of red corpuscles. 

3. The influence of temperature and of the relative volumes of the red 
corpuscles and plasma upon the oxygen capacity of the blood. 

4. The relation between the haemoglobin dissociation curve and the influence 
of temperature. 

General consideration. 

Summary. 

Bibliography. 

The gases of the blood of fishes have been studied by several 
authors from various standpoints, especially by Jolyet and Regnard 
(77), Krogh and Leitch (T9) and Wastl (’28). Krogh and Leitch 
(T9) studied the influence of the temperature upon the respiratory 
function of the blood of fishes. 

In the present investigation I dealt more specially with the haemo¬ 
globin dissociation curve of the blood, which is evidently influenced 
by the variations of its constituents as well as by the variation of 
temperature, as has been already suggested in my former paper 
(Kawamoto ’29). 


MATERIALS USED AND TECHNIQUE EMPLOYED. 

The material used in my experiment was Anguilla japonica Tem- 
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minck & Schlegel, a common eel living in the fresh and brackish 
waters all over Japan excepting in the Northern part of the Japan 
Sea (Marukawa 16 ). 

The eels were purchased at market and kept alive in an aquarium 
in the laboratory without feeding, often for about two months. 

The eels used measured from 445 to 790 mm. in length and from 
163 to 880 gms. in weight. 

The sexes were not recorded as their difference probably does not 
influence the gases of blood, for I have never noted such influence 
in many kinds of fish as far as I have tested. 

The blood was collected by the injection apparatus directly from the 
ventricle of the heart after opening the perivisceral cavity. 

Neither narcotic nor anticoagulant was used, as these might have 
influenced the normal constituents of the blood. However, for the 
determination of hydrogen ion concentration of the blood, 0.3 per 
cent, potassium oxalate was used to prevent coagulation. 

The determination of the oxygen capacity of fish blood is very 
difficult, and the ordinary ferricyanide method (Haldane ’22) can not 
be used at all, since a fibroid clot will always be formed after the 
blood is laked, on adding ferricyanide. . 

Krogh and Leitch (’19 J and Wastl (’28) also report such pheno¬ 
menon on the fish blood, and Macela and Seliskar (’25) on the 
frog blood. For this reason, instead of the usual manometric method, 

1 have used the “constant volume” apparatus of van Slyke and 
Neil (’24 and ’27). 

For general technique employed in the present investigation, the 
reader is referred to my former paper (Kawamoto ’28). 

The gas chain method was used for determining the hydrogen ion 
concentration of the blood whish was kept under the paraffin oil. 

Freischl-Miecher haemoglobinometer (Domarus ’21) was found 
unfitted for determining the haemoglobin contents, for, I found that 
a fibrin like clot was formed after complete haemolysis by water or 
by 1% Na v COa solution, which disturbs the uniform distribution of 
color, though both reagents are usually used with satisfaction in the 
blood of higher mammals. I have therefore determined the relative 
volume of the red corpuscles by a haematocrite, by revolving it for 
40 minutes with a speed of about 3,500 revolutions p. m. 



PHYSIOLOGICAL STUDIES ON THE EEL. II. 


645 


EXPERIMENTS. 

I. On the hydrogen ion concentration of the blood during starvation . 

Fifteen eels were caught with a fish net in the fish cultural pond 
at Kawasaki near Tokyo end brought to the laboratory. After these 
were left iquietly for about two hours in the laboratory aquarium, 
the venous blood was collected from five eels and was oxalated under 
paraffin oil for the purpose of determining the value of pH; and 
these data were used as the control. The remaining ten cels were 
kept in the aquarium without giving any food, and value of pH was 
determined after fourteen days and after forty-three days respectively. 

The data taken from the above tests show apparently no change 
in the value of pH during at least the period of starvation for about 
six weeks, with the exception of the eels of fourteen-day starvation 
series, in which a negligible increase of 0.03 in the [value of pH was 
noted. 


TABLE 1. 

The pH value of blood (oxalated, under paraffin oil) of eels 
under starvation. 


Date 

Starv. days. 

pH 

Average. 

Oct. lfi 

0 

7.CO 

1 

M 

II 

7.C2 


M 

II i 

*» 

|t 

7.04 

7.0,2 

II 

*» 

7.06 

) 

Oct. 20 

14 

7.02 


M 

»» 

7.07 

I 

n 



|7.75 


it 

,, 


«. 

7.70 

) 

Nov. 27 

4a 

7.08 


91 

a 

7.01 

I 


n 

7.02 

7.62 


a 

7.06 


*• 

a 

7.70 

) 


2. On the variation of the relative volume of red corpuscles. 

The relative volume of red corpuscle shows considerable variation, 
ranging from 23.0 to 53.2 per cent. 

Krogh and Leitch (’19) state that “the same (of dissociation 
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curve of haemoglobin in the carp) holds good also for the blood of 
eel, though the result obtained on the different specimens appears to 
be rather discordant ”, and McCormic and Macleod (’25 from Wastl) 
reported that the haemoglobin content changes if fishes are kept 
longer in the laboratory aquarium. 

TABLE 2. 

Frequency distribution of the relative volume of red corpuscles. 


Relat. vol. {%) 

Frequency 

Cumulative freq. 

20—25 

2 

2 

25—.*10 

2 

4 

30 —rfi 

8 

12 

35—40 

20 

32 

40—45 

17 

49 

45—50 

4 

53 

60—65 

1 

64 



Fig. 1. Showing the relation between the median value> cumulative 
frequency and relative volume of corpuscles. 
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Since the variation of haemoglobin content as well as of red 
corpuscles is considerably high, it appears unsafe to compare directly 
such data, as for instance, the gaseous metabolism which is intimately 
related with the conditions of the red blood corpuscles, without some 
knowledge of the relative volume of red corpuscles in the species of 
fishes under consideration. 

In the eel, the median value of the relative volume of red cor¬ 
puscles, which was evaluated by the method of cumulative frequency 
(Ogura ’25) was found to be 39 per cent. (Table 2, Fig. 1), and is 
conveniently called “ standard value 9 \ 

3. The influence of temperature and of the relative volumes of the red 
corpuscles and plasma upon the oxygen cajmcity of the blood of eel. 
The oxygen capacities of the blood were determined, which show 

TABLE 3. 

The relation between the oxygen capacity and the relative volume 
of corpuscles (at 17’±0.3 C). 


Relative volume 
of corpuscles (x) 

Os-capacity 
vol. % (y) 

corresponding 
Orcapacity at 3V 
vols. corpuscles 

Deviation 

31.0 

10.2 

12.84 

—0.f7 

VI 

10.4 

13.10 

—0.41 

ft 

81.2 

io'.s 

13.60 

-0.01 

31.6 

10.9 

•» 

>1 

32.0 

11.0 

13.42 

-0.09 


11.2 

13.06 

+0.15 


11.3 

13.80 

+0.31 

34.0 

11.7 

13.88 

—0.13 

36.0 

12.0 

13.00 

-0.61 

36.6 

12.6 

13.30 

-0.16 


12.6 

13.40 

—0.< 6 

37.0 

12.8 

13.60 

-0.01 


12.9 

13.00 

40.09 


13.6 

14.22 

40.71 

39.0 

>1 

13.60 

-0.01 


13.6 

13.00 

40.09 

39.6 

•• 

13.43 

—0.08 

40.0 

13.7 

13.37 

-0.14 

M 

14.0 

13.00 

40.16 

II 

|» 

IV 

14.1 

13.76 

40.25 


14.3 

1 t.96 

40.46 

41.0 

14.6 

13. SO 

40.29 

•• 

14.6 

13.89 

40.38 

Average .... 


.13.61 
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different relative volumes, at the temperatures of 5°, 17" and 30’C 
respectively, using the air from which carbon dioxide was removed. 
The results are given in Tables 3, 4 and 5, and in Fig. 2. 


Table 4. 

The relation between the oxygen capacity and the relative volume 
of corpuscles (at 5°+0.3C). 


Relative volume 
of corpuscles (x) 

Os-capacity 
vol. ?a (y) 

Corresponding | 
Os-capacity at 39 | 
vols. % corpuscles! 

Deviation. 

20.5 

11.2 

14.81 1 

4-0.16 

31.0 

11.5 

14.49 

—0.16 

34.0 ! 

12.6 

14.46 | 

-0.19 

35.0 I 

13.3 

14.75 

+0.10 

37.0 | 

14.0 

14,76 

4-0.11 

38.0 

14.1 

14.49 

—0.16 

40.5 

15.0 

14.45 

-0.20 

i 

#• 

16.5 

14.62 

—0.03 

41.5 i 

15.7 

14.77 

4-0.12 

43.0 i 

16.5 

14.96 

+0.31 

45.0 | 

! 17.0 

14.73 

4-0.08 

40.5 i 

17.6 

14.75 

+0.10 

M 

i 17.7 

14.84 

+ 0.19 

Average .... 


. .. 14.66 



Table 5. 


The relation between the oxygen capacity and the relative volume 


of red corpuscles (at 30°i0.5 n C), 


Relative volume 
of corpuscles (x) 

0_>-capacity 
vol. % ( y) 

! Corresponding 

O j-capacity at 39 
vols. corpuscles 

r"” 

Deviation. 

31.0 

10.0 

12.69 

+0.27 

32.0 

10.2 

12.42 

+0.10 

,, 

10.3 

12.55 

+0.23 

34.0 

10.5 

12.44 

+0.12 

36.0 

11.0 

12.26 

-0.06 

M 

11.2 

12.49 

+0.17 

36.5 

11.1 

11.86 

—0.46 


11.4 

12.19 

-0.13 

37.0 

n.fi 

12.21 

-0.11 

37.5 

11.5 

11.99 

-0.33 

30.0 

12.0 

12.00 

-0.32 

,41 

12.6 

12.60 

+0.28 

V. 

12.8 

M 

i( 

40.7 

12.25 

-0.07 

41.5 

13.0 

12.22 

-0.10 

42.0 

lo.*< 

; 12.25 

-0.07 

44.0 

14.0 

12 - 41 

+0.09 

Average ... 


.12.32 
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Fig. 2. Showing relation between oxygen capacity and relative volume of 

corpuscles, O... at 5°C, X-at 17°C, at 30’C, large circle aiound the 

above three marks shows that the values of two observation are indicated. 


Taking the relative volume of red corpuscles ( x ) as abscissa, and 
the percentage saturation of the oxygen capacity (y) as ordinate, the 
relation between these, at 5°, IT and 30" respectively, can he represented 
by a linear equation in the range between 23 to 53 per cent, of the 
relative volume of , corpuscles: 

• ! ' y—ax + b .. (1) 

The value of the two constants a and b at different temperatures 
are given below: 


Temp^C. 

a 

b 

5 

0.419 

-1.663 

17 

0,407 

-2.176 

30 

0.380 

-2.668 


As will be seen in Fig. 2, the observation points are nearly evenly 
distributed on both sides of the straight lines from the formula, showing 
that the relation between oxygen caprnty and relative volume of 
corpuscles can best be represented by the linear equation. 
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4. The relation between the haemoglobin dissociation curve and the 
influence of temperature. 

The defibrinated blood obtained from each specimen was saturated 


TABLE 6. 
(30±0.5'Cj. 


Ogtension 

mm. 

Og-capacity 
vol. % 

Corpuscles, 
Relative vol. % 

Corresponding 
Og-capacity 
at 39 vol. % 

2.0 

4.6 

38.0 

4.6 

M 

»» 

6.0 

37.6 

•t 

5.2 

6.9 

8.6 

42.0 

7.8 

M 

8.4 

,, 

»» 

H 

8.6 

•i 

H 

14.6 

10.6 

39.0 


24.4 

12.9 

46.6 


M 

13.0 

44.0 

11.6 


11.2 

37.0 

11.8 

„ 

11.6 

37.6 

11.9 

60.0 

12.3 


12.0 

70,0 

12.6 


12.6 

122.0 

11.7 

37.6 

12.1 

160.0 

11.8 

36.6 

12.6 


11.1 

tt 

11.8 


14.1 

44.0 

12.4 


TABLE 7. 
(^tO^FC). 


Og’tension 

mm. 

O^-capacity 
vol. % 

Corpuscles, 
Relative vol. % 

Corresponding 
Oa*capacity 
at 39 vol. % 

4.0 

6.8 

32.0 

8.0 

6.6 

10.1 

40.0 

9.8 

** 

9.6 

„ 

9.3 

11.8 

11.9 

37.8 

12.2 

24.1 

13.0 


13.2 


13.3 

.. 

12.9 

36.0 

13.6 


13.9 

If 

12.9 

M 

12.9 

*» 

14.0 

40.0 

13.6 

41.8 

13.7 


13.3 

70.0 

10.9 

31.2 

13.6 

13.3 

39.6 

13.3 

160.0 

11.2 

32.0 


It 

11.3 

• • 

13.7 

tt 

11.0 

it 

13.4 

„ 

14.3 

40.0 

13.9 

tt 

13.6 

>» 

13.1 
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with the mixed gas having various degrees of oxygen tension, and the 
oxygen capacities were estimated at the temperatures at 5°, 17* and 
30"C. The results are shown in Tables 6, 7 and 8. 


TABLE 8. 
(5±0.3’C). 


0 -tension 
mm. 

Oa-capacity 
vol. % 

Relative vol. 
blood % 

Corresponding 
Og-capacity 
at 39 vol. % 

3.9 

11.6 

41.5 

10.8 

6.4 

15.4 

48.0 

12.6 

,, 

12.6 

39.6 

12.4 

17.3 

17.8 

46.6 

14.9 


17.0 


14.2 

26.4 

lt.O 

29.6 

14.5 

28.3 

! 16.0 

40.6 

14.4 

:m.6 

! 13.0 

35.0 

14.5 

66.0 

13.7 

37.6 

14.3 

97.0 

,, 

4t .0 

13.2 

,, 

14.6 

39.0 

14.0 

160.0 

16.7 

41.5 

14.7 

•• 

14.0 

38.0 

14.4 


The values given in column 2 of these tables showing the relation 
between the oxygen capacities and the increase of the oxygen tension 
are highly irregular, caused by relatively higher variations of the 



Fig. 3. Showing the curves of haemoglobin dissociation at varied tem¬ 
peratures with oxygen capacity in volume per cent, o... 5'C, x.. * 17°C, • • • • • 
30°C, large circle around above marks shows the points that doubled. 
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relative volume of corpuscles in each blood sample. However, these 
irregularies are minimized when these are reduced proportionately to 
39 per cent, or “ standard value ” and I have conveniently utilized 
these reduced figures for various later calculations. 

The data given in Tables 6, 7 and 8 are shown graphically 
by the three curves in Fig. 3. It will be noted from these curves 
that less oxygen is taken up by the blood when the temperature 
becomes higher as is generally the case with the blood of other 
animals (Bakcroft *14, Macela and Seuskar ’19). 

The Oxygen capacity increases rapidly till the oxygen tension 
reaches 10 mm. Hg. but it reaches almost a standstill at 20 mm. Hg. 
in the case of 5°C, while at 17*C the former continues to increase 
up to 25 mm. Hg., though it increases very rapidly up to 8 mm. Hg.; 
and finally at 30°C it increases upon to 45 mm. Hg.. 

The final values of 0> capacity corresponding to the oxygen tension 
of 160 mm. Hg. given at 5°, 17°, and 30°C are 14.50, 13.50 and 12.25 
vols. per cent, respectively. 

These final values of the O f capacities correspond witfi the ordinate 
values in Fig. 2 which correspond to the standard value of the relative 
volume, or 39 per cent., in the abscissa in the following: 


Tomp.°C 

From dissociation <*uru». 

From table 3, 4 and 5. 

5 

14.5 vols. % 

14.65 vols. Yo 

17 

15.50 

13.51 

30 

12.25 

12.32 


As will be seen from this table, that differences between the values 
of 0 2 *capacity derived from the curves and those actually found are 
very slight, indicating the accuracies of the technique employed here. 

GENERAL CONSIDERATION 

As will be seen from the data already given, the difference of the 
relative volumes of red corpuscles varies considerably according to the 
physiological state of the individuals, and I now wish to consider 
various factors which appear to me to cause such differences. 

It was found that the values of oxygen capacity at 160 mm. of 
oxygen tension were 14.5 vols. per cent, at 5°C, 13.5 vols. per cent 
at 17°C and 12.2 vols. per cent, at 30°C respectively (Tables 6-8). 
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Since these values are directly comparable with the values obtained 
in using the air, though which usually contains a small amount of 
COs, I have given the data on various animals taken by other 
investigators, who used atmospheric air instead of oxygen gas: 


Suhject 

Oo-capacity 

Observer 

Higher mammalia 

18.(7 vols. 

% 

Haldane (’22) 

Eel 

7 9 


* Jolyet and Rkgnakd ('17) 

M 

14.5 

(at 5°C) 

1 Kawamoto 

M 

m.7 

(at 17°C) 

1 M 

M 

12.2 

(at .T0‘C) 

! M 

Caudtna chile ns is 

j 6.1 


1 .. (’2R) 

Anadara in flat a 

! 5.1 

I 


i .. (..) 


In this table given above we find that the blood of the eel studied 
by JoLYKT and Regnakd gives a very small value of 0 2 -capacity 
compared with my own observation. The difference might be due to 
smaller value of relative volume of red corpuscles in the eel at the 
time of the examination by Jolyet and Regnard but this supposition 
can not be tested from their data. 

In regard to the values of the oxygen capacities it must be stated 
that the figures given in the Tables 6, 7, and 8 were conveniently 
transformed into the percentage saturation for the purpose of directly 
comparing with the values given by most other authors on the subject. 
It must also be stated that in my case the O s -capacities were determined 
under oxygen pressure of 160 mm., while in most other experiments 
it was determined under the atmospheric pressure of 760 mm. Hg. and 
therefore it was necessary to reduce the maximum saturation in both 
cases into 100 per cent saturation, the rest of the values are to be 
calculated by taking the usual arithmetical proportion. 

The values calculated by this method as just stated are given in 
Tables 9,10, and 11 and in Fig. 4. As will be seen from the figure, the 
curves do not show clearly an S form within the range of my own 
observation, which is the usual form with the blood of higher mammalia 
as shown by Baucroft (T4) and others, although the 5-form may yet 
appear if the data are taken beyond the range where the oxygen 
tension is below 2 or 3 mm.. At any rate the resulting curve exhibits 
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TABLE 9. 
(30±0.5°C). 


extension 

X 

Ojr% satur. 

Y 

Calculated Y 
K=0.ffl 

Difference 

2.0 mm. 

86.7 

39.5 

- 2.8 

5.0 

60.1 

62.3 

- 2.2 

6.9 

6.7.0 

09.6 

- 6.5 

10.0 

65.0 

76.0 

-10.0 

20.0 

83.2 

86.9 

- 8.7 

80.0 

90.5 

91.7 

- 1.2 

60.0 

95.6 

92.0 

4 2.9 

70.0 

97.0 

96.0 

4 1.0 

1C0.0 

98.0 

97.2 

4 0.8 

160.0 

100.0 

98.fi 

4 1*5 


TABLE 10. 
(17±0.3°C). 


Ojj-tension 

X 

O2satur. 

Y 

Calculated Y 

K — 0.60 

Difference 

3.0 

60.0 

64.3 

-4.3 

5.6 

71.5 

77.0 

-5.5 

10.0 

87.5 

85.6 

+1.9 

20.0 

95.5 

92.6 

+2.8 

24.1 

97.0 

93.2 

+3.8 

80.0 

97.2 

94.8 

+2.4 

50.0 

97.8 

96.8 

41.0 

70.0 

97.9 

97.6 

40.3 

100.0 

99.0 

98.3 

40.7 

160.0 

100.0 

99.0 

41.0 


TABLE 11. 
(5±0.3°C\ 


Oa*tension 

X 


3.0 mm. 
3.9 
5.0 
10.0 
15.0 
20.0 
30.0 
50.0 
70.0 
100.0 
1C0.0 


O2 •% satur. 
Y 


72.2 
83.0 
95.0 
93.0 
98.0 
98.5 
98.8 
99.0 

99.3 

100.0 


Calculated Y 
K —1.0 


79.6 

83.4 
91.0 

93.9 

95.4 

96.9 
98.0 

98.9 
99.0 

99.5 


Difference 


—7.4 

-0.4 

44.0 

42.1 

42.6 

41.6 

40.8 

40.4 
40.3 

40.5 
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Fig. 4. Showing curves of haemoglobin dissociation at 5"C, 17'C and 30°C. 
I... .at 5°C, II-.. .at 17 C. III... at 30°C. 


a hyperbolic type and thus suggests naturally that the dissociation 
curve of the eel haemoglobin follows the law of monomolecule reaction. 
I have tried to see whether or not the three curves (Fig. 4) would 
v Kx‘ l 

satisfy Hill’s equation.putting the percentage of 

1 UU IfAX 


oxyhaemoglobin as y, and the oxygen pressure as x, and the percentage 
of the reduced haemoglobin as (1—y). After trials, it was found that 
Hill’s equation is satisfied only when the value of n, number of 
aggregation of haemoglobin molecules is made as small as unity (1) 
and the resulting values of K, the equilibrium constants, were found 
to be 1.0 at 5’C, 0.6 at 17’C and 0.33 at 30’C respectively. 

Theoretically the values of n is unity only when the reaction takes 
place with single molecules of haemoglobin, and consequently we are 
forced to suppose that either the small value of n is characteristic 
of the blood of eel or that the reaction takes place with a very 
small aggregation of haemoglobin molecules. 

The temperature coefficent, Qm>, was determined by the formula 
derived by JSnyder 10 


r» 



Tt—T, 
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where k, and k 2 are the equilibrium constants at the absolute tem¬ 
peratures T, and T*. The calculation was facilitated by taking 
k=100/K, where K is equivalent to the K of Hill’s equation as 
suggested by Macela and Seuskar (’25) and the following values 
were obtained. 

at 5°C k= --=100.0 

100 

at \7°C k=^»166.6 

0.6 

100 

at 30°C k «~=303.0 

The following values of Q 10 were found, that is Qio—l.SS from 
5° to 1 r, Q.o-1.58 from 17° to 30°C. 

According to van’t Hoff (from Kanitz *15) the value of Q 10 in 
the chemical reaction normally lies between 2 to 3. In the case of 
the equilibrium between haemoglobin and oxygen, it was found to be 
2.5 for frog from 10° to 40°C, and 5.6 for man from 15°C to 35°C 
(Macela and Seuskar *25), while for the blood of eel its mean value 
was found to be 1.56 at 5° to 30°C. This small value of Q, 0 may 
be interpreted from the biological standpoint; that is the blood of 
the eel possesses greater affinity for oxygen compared with the blood 
of most other animals during the change of temperature. We notice 
then another peculiarity for eel blood in having the least value of 
Qio compared with other animals so far experimented. 

In order to compare the dissociation curves obtained by various 
authors the values of U and t u were compared as was suggested by 
Keogh and Leitch (T8). The value of t» is especially convenient, 
since 1/K corresponds to the O* pressure where the Hb is just half 
saturated with oxygen. The values of t L and t u were directly reacf 
from Fig. 4, while the theoretical value of tu was derived from 1/K 
in Hill’s equation and the results are given below: 



at 5°C (mm. Hg.) 

at 17°C (mm. Hg.) 

at 30°C (mm. Hg.) 

U observed 

12.0 

26.0 

70.7 

tu it 

i i.5 

| 2.0 

4.0 

tu calculated 

i 1.0 

! 1.7 

3.1 
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The observed values of t u are compared with those obtained from 
other fishes. 


Materials 



temp. °C 

Observer 

Carp 

10 


! 

17 

Kkogh & Leitch (*19) 

Cel 

1* 

•i 

it 

ii ii ii 

Pike 

„ 

•i 

ii 

i» >i •• 

Trout 

— 

11 

M 

II 1 9 II 

Eel 

26 

2 

17 

Kawamoto 

Cod 

70 

18 

15 

Krogh & Leitch (’19) 

Plaice 

40 

10 

ii 

ii i» »i 


From these values, Krogh and Leitch conclude that the blood of 
fresh water fishes, excepting the trout, is better adapted to withstand 
against lower tension when compared with the blood of salt water 
fishes. Such an adaptation to the lower oxygen tension is vitally 
important for fresh water living fishes since in lakes and ponds, expcept 
in running water, the oxygen pressure is very variable and sinks often 
to very low values; while in sea water the oxygen pressure is practically 
constant and uniformly high. The form of the dissociation curve 
seems to suggest that the blood of the sea water fishes must be more 
sensitive to oxygen want which makes it more difficult to keep them 
in the aquarium than to keep fresh water fishes in captivity. 

The chemical affinity of haemoglobin to oxygen can be measured 
from van’t Hoff’s equation of the reaction isochore for the equiribrium 
between oxygen and haemoglobin: 

dlnK -q 

dT RT 


where K is the equilibrium constant, T the absoulte temperature, R 
the gas constant, q the heat produced by the reaction of one gram- 
molecule of haemoglobin with oxygen. Assuming then that the value 
of q remains constant over the range of temperature in this experiment 
(5 # —30°C), and integrating between limits T t and T f , we find: 

lnK,-/nK,= - jj ( f, T, ) 
where K, and K. are the equilibrium constants at the absolute 
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temperatures T ( and T*. If R be 1.986 and ordinary logarithms be 
employed, the equation for the heat produced is (Nernst ’ll) 

5.571 (log K,-logK l )T J T, 
q“- t’—'t- 

*i“ *i 

for the average value of temperatures T t and T». 

Now, applying the equilibrium constants obtained from my experi¬ 
ments 1.0 at 5°, 0.6 at 17° and 0.33 at 30‘C into the above formula, 
I found that the values of q was 51.200 calories at 1TC and 56.300 
cal. at 23°C for the blood of eel, while Macela and Seuskar (’26) 
found in the blood of frog 13.290 cal. at 20°C and 26.850 calkin 
human blood. 

From these results, it becomes evident that the blood of the eel 
possesses greater affinity for oxygen than the blood of the frog and 
man, as was also found in connection with the oxygen capacity 
(Macela & Seuskar ’25). 


SUMMARY. 

1 . The hydrogen ion concentration of the blood of the eel was found 
to be constant during 43 days of starvation. 

2. The standard value (median value) of the relative volume of red 
corpuscles was determined in this experiment as 39 per cent. 

3. The oxygen capacity of the blood is directly proportional to the 
relative volume of .red corpuscles in the limit of 23 to 53 per cent. 

4. The haemoglobin dissociation curves are satisfactorily represented 
by Hill’s equation by putting the value of n=l within the limit' 
of my observation. 

5. The mean value of Q| 0 is 1.56 at 5’ to 30°C and such small value 
may indicate the stability for oxygen affinity at the change of 
temperature. 

6 . Greater amount of heat produced during chemical reaction between- 
oxygen and haemoglobin may be taken to mean that the blood 
of the eel possesses greater affinity for oxygen than that of the' 
frog and human blood. 

The writer wishes to express his indebtness to Prof. Dr. S. Hatai 

and Dr. S. Komine for very valuable suggestions and advices. 
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Meiosis im Oogonium von Sargassum Homeri 
(Turn.) Ag. 

Von 

Sakuichi Okabe. 

(Biologischcs Insiitut der Kaiserliehen T6hoku University, Sendai.) 

Unter den Fucaceen wurde die Gattung Fucus frfiher schon von 
Strasburger (1897), Farmer un^ Williams (1898) und Yamanouchi 
(1909) eytologisch untersucht; besonders der letztgenannte Autor hat 
eine sehr schone Arbeit iiber die Reduktionsteilung und Befruchtung 
bei Fucus vesciculosis gcschrieben. 

Uber die Karyokinese von Sargassum publizierton Taiiara und 
Shimotomai (1926) eine kurzc Mitteilung, in der sic haupts'achlxh 
die erste Metaphase der Reduktionsteilung des Oogoniumkerns von 
Sargassum enerve behandelten; sie konntcn 32 Gemini und je ein 
Centrosom an jedem Pol erkennen. Im vorigen Jahre hat Kunieda 
fiber die Kernteilung und Befruchtung von Sargassum Homeri etwas 
umfangreichere Ergebnisse mitgeteilt. Aber seine Resultate stimmen 
mit denen der vorhergehenden Forscher be/iiglich der Chromosomen- 
zahl und des Befruchtungsvorgangs nicht uberein. Shimotomai (1928) 
hat bei Cystoj)hyllum sisymbrioides ein ganz glciches Resultat wie bei 
Sargassum enerve erhalten. Alle eben genannte Autoren hab(n aber 
die Einzelheiten der Kernteilungsvorgange nicht ausfuhrlch beschricben. 

In diesem Friihling veranlasste mich Herr Prof. M. Taiiara, die 
Vorgangc der Reduktionsteilung von Sargassum noch naher zu unter* 
suchen. Deshalb habe ich bei meinem Aufenthalt auf der biologischcn 
Station der kaiserlichen Tokyo-Universitat in Misaki die Karyokinese 
im Oogonium von Sargassum Homeri beobachtet. Gleichzcitig hat 
Herr Prof. M. Tahara auf der biologischcn Station der hiesigen 
Universitat in Asamushi die Oogenese von Coccophora Langsdorfii, 
einer im Japanischen Meer einheimischen Art, ausffihrlich untersucht; 
seine Resultate warden schon in der vorhergehenden Nummer dieser 
Zeitschrift veroffentlicht. 

Im Frfihjahr wuchern in Misaki verschiedene Arten von Sargassum. 
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Ich habe aber ausschliesslich Sargassum Homeri als giinstiges Material 
fur meine Untersuchung benutzt, denn der Oogoniumkern dieser Alge 
ist grosser als der der iibrigen, und iiberdies ist die Umgebung des 
Oogoniumkerns bei jener Art gewohnlich chromatophorenarm. Die 
Karyokinese des Oogoniumkerns beginnt im Konzeptakel einige Stunden 
vor der Oogonienentleerung. Da die Entleerung der Oogonien, wie 
Tahaha (1913) schon n'aher untersucbt hat, simultan und periodisch 
an einem bestimmten Tage vor sich geht, so kann man haufig um 
diese Zeit verschiedene karyokinetische Phasen beobachten. Wenn 
der Oogoniumkern in die meiotische Phase eintritt, so erfolgt auch 
eine merkwiirdige Veranderung im Cytoplasma, d. h, die bis dahin in 
der Peripherie des Oogoniums gelegenen Chromatophoren wandem 
allmahlich in die Umgebung des Kerns (Textfig, 1). Dieser Zustand 
lasst sich selbst beim lebenden Material mit schwacher Vergrosserung 
ohne Schwierigkeit klar erkennen. Darum konnte ich genug Material 
in den geeigneten Phasen der meiotischen Kernteilung von Sargassum 
Homeri fixieren. 

Bei der karyologischen Erforschung der Algen muss man besonders 
auf die Fixierung des Materials achtgeben. Tahara hat auf Grund 
langer Erfahrungen eine Fliissigkeit gefunden, die sich zur Fixierung 
des Oogoniumkerns von Sargassum und nahe verwandten Gattungen 
besonders eignet. Sie besteht aus: —* 

Stocklosung von Chromsaure (Seewasser 98 ccm, gesattigte 


Losung von Chromsaure 2ccm).65ccm 

Seewasser.35ccm 

2% Osmiumsaure.5ccm 

Eisessigsaure.2.5 ccm 


Diese Fliissigkeit ahnelt der FLEMMiNGlosung in der Bonner Konzen- 
tration bez. des Verhaltnisses der Osmiumsaure und Essigsaure, aber 
die der Chromsaure ist sehr viel grosser. Bei der Benutzung dieser 
Losung darf man aber die Konzentration der Chromsaure je nach 
dem Material etwas verandern. Das vorliegende Material wurde mit 
dieser Fliissigkeit meistens 4-7 Stunden lang fixiert, noch langeres 
Liegenlassen in dieser Losung ist nsch meiner Erfahrung in diesem 
Falle ganz unnotig. Wenn man mit diesem Fixierungdmittel gute 
Resultate gewinnen will, so ist es wesentlich, die Rezeptakel so klein 
wie moglich, etwa 1 mm dick, quer zur L'angsachse, zu zerschneiden. 
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Das fixierte Material wird nach vorsichtiger Behandlung mit verschieden 
prozentigem Alkohol und Chloroform in Paraffin von 4K“C Schmelzpunkt 
eingebettet. Das Einbetten des Oogoniums machte meist nicht so 
grosse Schwierigkeiten, wie ich zunachst befiirchtet hatte. Die Farbung 
der 5-15 « dick geschnittenen Paraffinschnitte erfolgte mit Safranin* 
Lichtgriin und Heidenhains Eisenalaunhamatoxylin. 



a I, 

Textfig. 1. Oogonion von Sargassutn Uarneri. ca. X200. 

a: Ruhestadium. b: Synapsisstadium. Die Chromatophoren smd im Cyto¬ 
plasms gleichmassig zcrstreut. 

Im vollstandigen Ruhestadium enthalt der Oogoniumkern gewohnlich 
einen grossen Nukleolus und ein kleines, stark tingierbares Stabehen, 
welches zuweilen nadel- oder ringformig ist, und viele kleine Chromatin- 
kiirner, die an den in der Kernhohle in verschiedener Richtung durch- 
laufenden Lininfaden verteilt sind (PI. XXVII, Fig. 1). In diesem 
Stadium ist es leicht, im Cytoplasma des Oogoniums drei Schichten 
zu unterscheiden (Textfig. 1. a). Die innerste Schicht ist diinn und 
umgibt direkt den Kern als eine dichte Plasmascheide, die am fixierten 
Material sehr feine, wabige Struktur zeigt. In dieser Plasmascheide 
konnte ich noch in diesem Stadium weder Strahlung noch ein Centrosom 
beobachten. Die nachstc ausere Schicht ist bei weitem breiter als die 
erste und sieht durchsichtig aus, weil die Wabenstruktur bei dieser 
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Schicht viel lockerer ist. Dio auserste Schicht mit einer grossen 
Menge von Chromatophoren ist wieder ganz undurchsichtig. Wenn 
der Kern aus seiner Ruhe aufgevveckt wird, so beginnen die bis dahin 
auf die auserste Schicht beschrankten Chromatophoren sich gleichmassig 
iiber das ganze Cytoplasma zu zerstreuen (Textfig. 1. b). Dabei ist 
es aber sehr merkwurdig, dass ein kleiner, an die Kernmembran 
angrenzender Re/irk ganz frei von Chromatophoren zu bleiben pflegt. 
Diesen Bezirk mochte ich vorlaufig Centrosom-Bezirk nennen, weil in 
ihm das Centrosom spater auftritl. Der Centrosom-Bezirk diirfte wohl 
durch Anhaufung der innersten Plasmaschieht entstanden sein. Das 
synaptisehe Knauel fcildet sich in der Kerngegend, welche direkt an 
diesen Bezirk angrenzt. 



Textfig. 2. Zwei Studien heterotyper Teilung dos Oogomumkerns 
\on Sarfiassum Htrrnen. 

a: Synapsisstadium. ca. X850. b: frilhere Metaphase, wo der Nukleolus 
sehr dilnn wird und die Kernmembran noch teilweise intakt bleibt. ca. X1120. 


PI. XXVII, Fig. 2 stellt ein friiheres Synapsisstadium dar, wo ein 
kleines, synaptisches Knauel gedrangt an einer Seite des Kerns vorragt. 
Zu dieser Zeit wird der Centrosom-Bezirk sehr plasmareich und zeigt 
deutliche Strahlungsstruktur, wahrend die dichte Plasmascheide, die 
vorher als innerste Plasmaschieht die ganze Umgebung des Kerns 
gleichmassig umschlossen hatte, allmahlicht diinner und diinner wird. 
In der Kernhbhle finden wir eine zuweilen stark tingierbare Substanz, 
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welche nicht als eine Art Chromatin betrachtet werden kann und je nach 
dem Modus der Fixierung ganz verschieden gestaltet ist (PL XXVII, 
Fig. 2-6 und PL XXVIII, Fig. 7-10). Mit dem Fortschreiten des Stadiums 
erstrecken sich die Faden des synaptischen Knauels in die Kernhohle, 
wobei die Strahlung in dem Centrosom-Bezirk deutlicher wird (PL 
XXVII, Fig. 3, Textfig. 1. b und Textfig. 2. a). In der Mitte dieser 
Strahlung suchte ich mit grosser Geduld nach dem Centrosom, aber 
stets vergeblich. Im n’achsten Stadium tritt eine grosSe Veranderung 
nicht nur in der Kernhohle, sondern auch in der ausseren Piasmamasse 
ein : die synaptischen Elemente zerstreuen sich, ohne einen kontinuier- 
lichen Spiremfrdcn zu bilden, als einzelne Segmente in die Kernhohle, 
und der Centrosom-Bezirk wird auch in diesem Stadium in zwei 
geteilt (PL XXVII, Fig. 4). Yamanouchi (1909) hat schon bei Fucus 
eine ahnlichc Phase beobachtet. Er schreibt: „ The two arms of 
each of these loops thtn separate at the bend — the point of connec¬ 
tion— and form a pair of bivalent chromosomes in prophase of the 
first division. The bivalent chromosomes remain for a while at spot 
where they were grouped in synapsis, and then become distributed 
in the nuclear cavity (fig. 4) “. Nach Taharas Untersuchung erscheint 
ein kontinuierlicher Spiremfaden, wie bei hohertn Pflanzen, in dem 
entsprechenden Stadium von Coccophora Lanffsdorfii. Obwohl Yama¬ 
nouchi bei Fucus Telosynapsis nachgewiesen hat, vermag ich doch 
nicht zu behaupten, dass sie auch bei meinem Material vorkommt. 

Erst zu dieser Zeit kann man je ein Centrosom in der Mitte jeder 
Strahlung mit Be^timmheit konstatieren. Es is auffallend, dass in der 
Nahc des Nukleolus fast stets ein stark tingierbares Korperchen 
vorhanden ist. Etwas Ahnliches wurde von Williams (1901) bei 
Dictyota und von Carter (1927) bei Padina bemerkt und als „chro- 
mophilous spherule “ bezeichnet. Tahara hat das auch bei Coccophora 
gefundcn. Im darauf folgenden Stadium werden die in der Kernhohle 
zerstreuten Bivalentchromosomen kiirzer und dicker, und dann folgt 
das Diakinesestadium (PL XXVII, Fig. 5 und 6, und PL XXVIII, Fig. 7). 
Die beiden Strahlungen mit je einem Centrosom in der Mitte ziehen 
sich langs der Kernmembran auseinander, bis sie s‘ch etwa um 130° 
voneinander entfernen (PL XXVIII, Fig. /). PL XXIX, Fig. 8 zeigt ein 
spateres Diakinesestadium, in dem ein Nukleolus, 32 Gemini und zwei 
Spinndelanlagen zu sehen sind. Die Bildung der Spindelfasern beginnt 
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an der Stelle, wo schon Strahlungen vorhanden sind. Die erst noch 
kurzen Fasern wachsen dann allmahlich und dringen in die Kerohohle 
ein. Da das Auftreten der Spindelanlagen gewohnlich nicht gleichzeitig 
ist, wird zuweilen ein Spindelfaserbuschel viel grosser als das andere. 
Mit dem Wachsen der intemuklearen Spindelfasern werden die 
Strahlungen imbCentrosom-Bezirk sehr undeutlich. Die „chromophilous 
spherule “ ist in dieseta Stadium schon verschwunden. Wenn eine 
bipolige Spindel, die sich stets von der Achse des Kerns etwas entfernt 
bildet, fertig ist, ziehen sich die 32 Gemini rcgellos in dem mittleren 
Teil der Spindel zusammen. Die Kernmemhran und der * Nukleolus 
bleiben noch intakt. Zu dicser Zeit wird die Strahlung wieder auf 
einem Pol deutlich (PI. XXVIII, Fig. 9). Nach Tahara verlauft dasselbe 
Stadium bei Coccophora Langsdorfii etwas verschieden vom meinigen; 
bei jener Pflanze verschwindet namlich der Nukleolus schon im 
friiheren Diakinesestadium, und an keinem Pol dor Spindel ist ein 
Centrosom nachweisbar. PI. XXVIII, Fig. 10 gibt dasselbe Stadium 
bei meiner Pflanze in Polansicht wieder, wobei sich die 32 Chromo- 
somen ohne Schwierigkeit zahlen lassen. 

Hier werde ich das Centrosom kurz beschreiben. Obwohl Kunieda 
bei diescr Alge kein Centrosom bemerkt hat, konnte ich es wie bei 
Fucus , Cystophyllum und Sargassum enerve in verschiedenen karyo- 
kinetischen Stadien, ausgenommcn bei der Synapsis und Interkinese, 
beobachten. In Seitenansicht erscheint das Centrosom meist punkt* 
odor hantelformig, aber in Polansicht ist es in zwei Kornchen geteilt 
(PI. XXVIII, Fig. 11). Durch veranderte Einstellung des Mikroskops ist 
dieser Zustand an beiden Polcn leicht zu erkennen. Das hantelformige 
Aussehen, das von Swingle (1897) bei Stypocaulon , von Stkasburger 
(1897) bei Fuctis , von Williams (1904) bei Dictyota und von Carter 
(1927) bei Padina nachgcwiesen wurde, diirfte auf dem engen Zusam- 
menliegen beider Kornchen beruhen. 

Vor der Auflosung der Kemmembran und des Nukleolus ordnen sich 
die Gemini auf der Aquatorialebene (PI. XXV11I, Fig. 12 und Textfig. 
2, b). Die vollstandige Metaphase erfolgt aber erst nach Auflosung 
der Kernmembran, die gewohnlich von einer Seite nach der anderen 
fortschreitet (PI. XXIX, Fig. 13 und 14). Wic PI. XXIX, Fig. 14 
klar zeigt, sind so grosse Unterschiide unter den Chromosomen nicht 
wahrnehmbar, ausgenommen dass nur ein Geminus etwas grosser als 
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die iibrigen ist. Kunieda hat schon bei dieser Alge 16 haploide und 
32 diploide Chromosomen gezahlt. Er gewann sein Resultat aus der 
Beobachtung der Oogenese, Spermatogenese und der somatischen 
Teilungen bei der Keimentwicklung. Wodurch diese Nichtiiberein- 
stimmung mit meinem Ergebnis entstanden ist, lasst sich im Augenblick 
nicht erklaren. Bei nachster Gelegenheit mochte ich auch die Sper¬ 
matogenese und Keimentwicklung cytologisch untersuchcn. Nach 
neueren Untersuchungen vcrschiedener Forscher besitzen unter den 
Fucaceen manche Arten, namlieh Fucus vesciculosus (Yamanouchi 
1909), Sargassum enerve (Tahara und Shimotomai 1926), Cystophyllum 
sisymbrioides (Shimotomai 1928) und Coccophora Langsdorfii (Tahara 
1929) 32 reduzierte chromosomen. Es ist sehr wiinschenswert, die 
Chromosomenzahlcn der gesamten Arten verschiedener Gattungen von 
Fucaceen genau zu untersuchen. 

Die Anaphase geht regelmassig vor sich. Die reduzierten Chro¬ 
mosomen wandern nach jedem Pol, wo das in zwei geteilte Centrosom 
sehr deutlich zu sehen ist (PI. XXIX, Fig. 15), In der Telophase ist 
der Zwischenraum beider Tochterkernanlagen sehr ausgedehnt. Die an 
einer Seite des Kerns gedriickten Chromosomen Ibsen sich allmahlich 
auf, und zugleich tritt wiedrr eine dichte Plasmamasse direkt ausser- 
halb dcs Kerns, an der poligen Seite beschrankt, auf (PL XXIX, Fig. 
16). Danach vergrbssert sich der Kern allmahlich und zeigt ein 
femes Netzvverk in seinem Innern (PL XXIX, Fig. 17). 

Ohne lange Pause beginnt hombotype Teilung. In der Prophase 
treten wieder 32 univalente Chromosomen auf. In der spateren 
Prophasc treten zwei Centrosomen in der Plasmamasse auf, aber 
merkw’iirdigerweise fchlen die Strahlungen urn sic herum (PL XXIX, 
Fig. 19). Die Spindelbildung verlauft in gleicher Weise wie die 
heterotype Teilung (PL XXIX, Fig. 20). PL XXIX, Fig. 21 zeigt eine 
spatere Prophase, in der die Chromosomen sich an der Stelle sammeln, 
wo die beiden Spindelfaserbiischel zusammentreffen. Die schon ge- 
spaltenen, hantelformigen Chromosomen ordnen sich regelmassig in der 
Aquatorialplatte, und die Kernmembran und der Nukleolus verschwinden 
kurz danach (PL XXIX, Fig. 22 und 23). Die Anaphase und Telophase 
verlaufen regelmassig ebenso wie die vorhergehende Teilung, und vier 
Kerne werden daraus gebildet. 

Die dritte Teilung, welche acht Kerne in einem Oogonium liefert, 
verlauft ganz gleich wie die hombotype. 
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2USAMMENFASSUNG. 

1. Drei aufeinander (olgende Kemteilungen treten in einem 
Oogonium von Sargassum Homeri auf, von denen die ersten zwei 
allotyp sind. 

2. In der Prophase der heterotypen Teilung gibt es die typische 
Synapsis und Diakinese, aber nicht das Spiremstadium. 

3. Die Kemmembran und der Nukleolus verschwinden, wenn die 
Keraplatte da ist. 

4. Bei der Karyokinese sind einige Differenzierungen im Cytoplasma 
sehr deutlicb, namlich die Strahlung und das Centrosom. 

5. Diese Pflanze zeigt 32 Haploidchromosomen. Also stimmt 
mein Resultat mit dem Kuniedas nicht iiberein. 

Zum Schluss sei es mir gestattet, meinem hochverehrten Lehrer, 
Herrn Prof. Dr. M. Tahara, fiir seine Anregung und seine vielseitigen 
Ratschlage meinen besten Dank auszusprechen. Ich schulde auch 
Herrn Prof. Dr. N. Yatsu, Direktor der Biologischen Station zu 
Misaki, fiir seine freundliche Unterstiitzuug herzlichen Dank. 

don 11. Oktober 1929. 
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ERKLARUNG DER TAFELN. 

S&mtlichc Bildcr wurden mit Hilfe eines ARMEschen Zeichenapparats ge- 
zeichnet, unter Benutzung des LKiTZschen Achromat-Objektivs r ‘ ? und des Zeiss- 
schen Okulars Xl5. Vergrtfsserung 1950. 

TAFEL XXVII. 


Fig. 1. Kern in Ruhe. 

Fig. 2-3. Synapsis. 

Fig. 4. Spheres Stadium, wo die Segmente des synaptischen Knauels in der 
Kemhfthle zerstreut liegen. 

Fig. 5-6. Noch spateres Stadium in zwei optischen Schnitten. 

TAFEL XXVIII. 

Fig. 7. Frlihere Diakinese. 

Fig. 8. Spatere Diakinese. Die Spindelbildung bcginnt. 

Fig. 9. Noch spSteres Stadium in Seitenansicht. 

Fig. 10. Dasselbe Stadium in Polansicht. 

Fig. 11. Polansicht der Spindel. Zwei winzigc Ktirnchen, d. h. Centriolen, sind 
sichtbar. 

Fig. 12. Frlihere Metaphase der heterotypen Tcilung. 

TAFEL XXIX. 

Fig. 13. Heterotype Metaphase in Seitenansicht. 

Fig. 14. Dasselbe Stadium in Polansicht, wobei 32 Chromosomen dcutlich zu 
schcn sind. 

Fig. 15. Anaphase. 

Fig. 16. Telophase. 

Fig. 17. Interkinese. 

Fig. 18-21. Prophasen der homootypen Teilung. 

Fig. 22. Frlihere Metaphase der homootypen Teilung. 

Fig. 23. Homootype Metaphase. 

Fig. 24. HomBotype Anaphase. 
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S. Okabe : Meiosis im Oogonium von Sargassum Horneri. 
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14. Melitodes mutsu, a new Gorgonid-Coral. 1 > 

By 

Hikomu Minobe. 

(Zoological Institute, Faculty of Agriculture, Tokyo Imperial University.) 

(With two Text-figures.) 

Through the courtesy of Professor Hozawa I had occasion to 
examine a colony and a few fragments of a Gorgonid-coral from 
Mutsu Bay. They were secured by Professor Tahaka on the coast 
of Bentenjima, 6masaki, as well as by Professor Hzoawa near Sai, 
Takaisozaki. On examination the specimens before me proved to be 
of a species of the Genus Melitodes 
hitherto unrecorded. I propose to 
call it Melitodes mutsu. 

Melitodes mutsu, n. sp. 

In the type-specimen which was 
obtained at Bentenjima, the colony 
is of a brick red colour and measures 
6.5 cm. high and 9 cm. across in the 
terminal portion (Text-fig. 1). It 
consists of some short basal stems, 
each of which is 7.5 mm. in diameter 
and almost immediately breaks up 
into branches dichotomously divided 
and flattened especially in the distal 
part. The branches and branchlets 
are arranged in almost parallel 
planes and present anastomoses at 
irregular intervals. Distributed in 
two rows are polypes which are 

i>A contribution from the Marine Biological Station, Asamushi, Aomori-Ken. 



lVxt-fig. 1. Melitodes mutsj , 
n. sp. (x 
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1mm. high by 1.5 mm. wide. The spicules of calyx walls are quite 
similar to those found in Melitodes densa KijKENTHAL. The polype 
spicules (Text-fig. 2, a) are warty spindles, about 0.2 mm. long and 
arranged in transverse rows, while the tentacular spicules (Text-fig. 2, 



Text*fig. 2. Spicules of Melitodes mutsu , n. s>p. 
a. Polype spicule, b, Tentacular spicule, c, Spicule* of coenenehyme. 
d, Spicule of node, (a, c\ dxttOO; bx350) 

b) are very thick warty spindles with a median keel on the outer 
side and disposed in eight distally converged tentacular groups. There 
are fairly numerous spicules in the coenenehyme, which vary considerably 
in form but not in size (Text-fig. 2, c). They are thick warty spindles 
and measure 0.1—0.15 mm. in length. The above-mentioned three 
types of spicules are of a yellowish vermilion colour. The spicules 
found in the node are slender and spindle-shaped with both ends 
sharply pointed and are provided with minute projections at the middle 
(Text-fig. 2, d). 

Localities , — Bentenjima, 6masaki; Takaisozaki, Sai. 

Remarks . — Melitodes mutus, n. sp. is very closely allied to Melitodes 
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densa Kukenthal. The characteristic by which the former may be 
distinguished from the latter exists in the features of the spicules 
contained in the nodes. 
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